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I. 

All Souls Gardens, Oxford, 
Alastor and Dion. 

Alastor. Allow that you have nothing equal to 
these our gardens ; not even the never-to-be-for- 
gotten -willow at Clare Hall ? 

Dion. There is nothing equal to these gardens 
now at Cambridge, certainly : nor anything here 
either that would tempt me to remain, like you, in 
vacation time. 

Alastor. I feel the compliment of your visit all 
the more ; but I assure you, if you wish to read to 
any purpose, this is the time. Now, when these 
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quiet walks seem, more nearly than anything else 
of modern days, to realize old Academe's sweet 
shades. 

Dion. Your purpose-Uke reading is, I suppose, 
just everything you fancy. 

Alastor. That is the advantage of Oxford — to 
me at least — what I fancy are the prescribed 
studies of the place. I was, when you came in 
this morning, at Thucydides — quite naturally and 
genuinely — I had nobody to admire me, and cer- 
tainly could not foresee your interrupting me. 
While, on the contrary, if I had surprised you at 
Trinity, in vacation, or, ay, even in term time, I 
might have found you with a little green volume, 
with Bruxelles on the outside — a George Sand, or 
an Eugene Sue, in fact. 

Dion. Not from distaste for the Cambridge 
course, but merely to refresh my eyes, and relieve 
my mind from the strain of severer studies ! Se- 
riously, it is one of the merits of being occupied 
by the exact sciences, your mind is forced to exert 
itself, and enjoys the refreshment of rest. 

Alastor. Exact sciences. Now, do just tell me 
what are the exact sciences. Taking the range of 
human knowledge for science generally — ^which are 
those more especially exact ? 

Dion. Mechanics, chemistry, and, above all, 
mathematics, are always called exact, because they 
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depend upon observation and experiment, and the 
eternal harmony of calculation. 

Alastor. But Philosophy — not natural : philo- 
sophy no longer allowed to be a science ; philoso- 
phy applied only to the processes of the mind ; 
and history, the interest which men feel in the 
past ; and poetry, which belongs to past, present, 
and future ; — all these are branded as inexact — 
what is exact ? 

Dion. That which is proved to a fixed point of 
evidenced truth. 

Alastor. Well, I do not think your definition 
very good, even for your own purpose ; but let us 
look at these fixed truths. Mechanics : Here are 
the mechanical powers : your definators have not 
even agreed how many powers you have. Some are 
for having lever, screw, inclined plane, and pulley, 
while others reduce all into one — the lever. 

Dion. These are very trite distinctions. 

Alastor. Yet twenty years ago these distinc- 
tions were considered a part of the exactness of 
this exact science. 

Dion. All science is advancing : the more exact 
the greater the progress ; one step firmly estab- 
lished, we proceed to another, as I defined it — 
proved to a fixed point. 

Alastor. Fixed only to be removed next gene- 
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ration. However, for exactness* sake, how many 
powers is mechanics hlessed with to-day ? 

DlON. In the advanced state of the science of 
dynamics, we 

Alastor. Her very name ohsolete ! I beg her 
pardon. You see how wretchedly behindhand I 
am in even the nomenclature of these exact 
sciences, which change as often as the fashions in 
the " Ladies' Newspaper." 

Dion. Your idea of science is certainly a very 
limited and slavish one : you think that exactness 
is final, that progress is change ; you want, when 
you have reached a conviction, to stand still, and 
attempt nothing more. 

Alastor. Not at all. I am ready to go as fast 
and as far as you please ; I only want some sort of 
a staff to lean on, or some granitic formation to 
build upon. I only want to know where the ex- 
actness is. 

Dion. That, so far as we have yet attained, all 
is proved by observation and demonstration. 

Alastor. By observation, we perceive a windlass 
draws up a sack of corn to the top of the mill more 
easily than it would be carried; by observa- 
tion, we perceive that diflferent combinations of 
various substances produce various different colours 
and tastes in chemical processes. By observation, 
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we are quite aware of the difference between night 
and day — and now for the demonstration. 

Dion. By demonstration, the coarsest and rudest 
observation of the commonest and most obvious 
operations in mechanics, chemistry, and astronomy, 
such as you have chosen, may be reduced to the 
subtlest and most delicate proofs by that science 
which is at once the loftiest and the most exact. 

Alastor. Mathematics ? Is that still the name ? 
For want of a better, you still, I suppose, include 
in this name all the varieties of geometry and 
algebra, and so forth. This lofty and subtle 
science is to prove, by demonstration, what we are 
quite sure of by the conviction of our observation. 
But how is this ? Is it a mistake of mine ? Did I 
misread the passage — a passage from Sir John 
Herschel's " Natural Philosophy/' I think to this 
effect — 

Dion. No, no, I will not admit quotations " to 
this effect " from a scientific book. A pretty way 
you would be in if you gave a false quantity in a 
citation from Sophocles at examination ! 

Alastor. To be sure I should, because that is 
exact, that is a fixed science; there is no doubt 
about the fact ; you cannot approanmate in a verse, 
it must be complete ; you cannot say it is so many 
words, nearly. You cannot give a line from Horace, 
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with a word or two omitted, and tell your tutor 
it is, ^' if any one take the trouble to go through 
the process, almost" such and such and such num- 
bers, as Sir John Herschel says. No, the line 
must be the line, or not at all. 

Dion. So must the quotation. But you must 
find this sentence of Herschel's. 

Alastor. I will show you the very words when 
we go in, for this last quotation is only at second- 
hand. This I saw in Humboldt's " Cosmos ;" which, 
little as you think of my taste in such matters, I 
have been reading with the very greatest interest 
and pleasure. So eloquent, so enthusiastic, so 
sublime ! — he really seems to look from some super- 
mundane height and scan the worlds below, and 
call about him all the powers of human thought, 
and, at his bidding, show them forth in their 
supremacy. 

Dion. It is the grandest monument that living 
genius ever raided to itself; but though there is 
everything that is known — though it is " Cosmos" 
— the assemblage of all that man has done — ^yet it 
is only assemblage ; it is only a set of tableaux ; 
it can hardly be called a living drama of science. 
There is no moral developed. You learn im- 
mensely in every page, but I think one feels at 
the end that one does not know what to do with 
one*s learning; or rather, one feels a want of 
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knowing what the author means us to do with 
it. 

Alastor. I hardly feel that. Humboldt says, 
in his preface : — " The aspect of external nature, 
as it presents itself in its generality to thoughtful 
contemplation, is that of unity in diversity, and 
of connexion, resemblance, and order among 
created things most dissimilar in their form — one 
fair harmonious whole. To seize this unity and 
this harmony amid such an immense assemblage 
of objects and forces — to embrace alike the dis- 
coveries of the earliest ages and those of our own 
time — and to analyze the details of phenomena 
without sinking under their mass, are efforts of 
reason in that path wherein it is given to man 
to press towards the full comprehension of nature ; 
to unveil a portion of her secrets, and, by the 
force of thought, to subject, so to speak, to his 
intellectual dominion, the rough materials which 
he collects by observation." This is what he pro- 
poses to himself — this is what is so admirable in 
the book. It is, as he says, a showing forth of 
the intellectual dominion of man over the mere 
material of nature, dt is looking upon this 
material, nature, not as the mere assemblage of 
organized or unorganized combinations, but as 
each particular part necessary to every other; im- 
perfect, perhaps, in itself, or imperfect if impsr- 
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fectly viewed; yet, in its relation to every other 
particular part and to the whole, forming a perfect 
combination — that "unity in diversity/' which 
gathers every isolated, every disjointed, every 
obscure or individual fact, and draws it, with an 
irresistible force, into the one centre sense of a 
mighty whole. Viewing all this as a man — look- 
ing at it with human means, reflecting upon it 
with human intellect, combining the parts and 
concentrating the whole to the level of human 
thought — the highest level, the most lofty eleva- 
tion — the most exalted force of human intellect, 
but still only human ; that is, finite, limited, and 
restricted within those bounds which it can never 

• 

pass. It is the very absence of attempts to 
theorize which makes the excellence of this book. 
The dignity of the position in which the writer 
places himself and his readers, or rather the dig- 
nity of the point of view at which he places human 
powers, is the charm and the supremacy of the 
book. The true dignity of knowing what and 
where we are is not only noble in itself but en- 
dues us with a force and a tenacity of purpose in 
our acquirements in the phenomena of the past, 
and for investigation of the present, and which 
falls powerless when still, ever but human, we 
arrogate the right divine, and pretend, with sacri- 
legious hands and with blaspheming words, to 
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build anew the lofty structure we behold; and 
while we scarcely comprehend the visible, dare 
profanely to rend that veil we cannot raise, and 
then, phrenetic, we pronounce upon the purposes 
and the designs of the Almighty mystery — the 
SOURCE of what we try to comprehend. 

Dion. Experimental philosophy with a ven- 
geance I You would have nothing but bare facts ! 
Never a theory to put them together by ! 

Alastor. Cannot we combine into a system 
without presuming to theorize ? ** Cosmos" is not 
a mass of undigested facts; they are artistically 
grouped ; they are so lucidly arranged, they fall 
into their appointed posts with such disciplined 
readiness, that they are at once fixed and living in 
our memories. 

Dion. How very well the book is translated. It 
reads as an original. 

Alastor. Yes, there are passages of such infinite 
beauty one can hardly suppose them the worse 
for not being in their original, which I have 
never seen. But it is a pity that, when the trans- 
lator took such admirable pains with the work, 
and rather rewrote it, as Humboldt, had he been 
English, would have written, than merely put out 
of German into English words — it is a pity that 
so many barbarous GraBCO-German technicalities 
were left. 

B 3 
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Dion. These Greek technicalities are what the 
German scientific writers so particularly pride them- 
selves upon. 

Alastor. Let us leave them to the Germans, 
then. Why should we go hack to obsolete super- 
stitions in this mythology of nomenclature ? We 
cling to time-honoured forms, and we revere such 
words and names as great men s use has hallowed 
to our sense ; but we stumble and shy from the 
laborious combinations which, without much gram- 
mar, are culled out of a Greek or Latin vocabu- 
lary, and put together to express what plain English 
or German could have told us just as well. We 
should be justly shocked at any retrospective re- 
former who should substitute some Germanised or 
Anglicised form of name for Jupiter or Juno, or 
any of our old friends of the Pantheon, or who 
should fancy to talk of a heat-gauge instead of a 
thermometer. But is not it just as absurd to give 
us now these chance-medley feasts from the alms- 
basket of all languages ? 

Dion. You would, then, have earthy^ instead of 
telluric — occasiotial, or scattered, instead of spo- 
radic, and so on; but would English, after all, 
be as comprehensive, or, in the end, as comprehen- 
sible ? 

Alastor. You show that you have had to put 
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them into English; why should not they have 
been printed so at once ? 

Dion. But what German in the original, or what 
English in the translation, could you have had 
instead of " Cosmos ?" 

Alastor. a title of a book is like a man's name 
— we take it at once to mean that book ; we have 
not to stop in a sentence to satisfy ourselves with 
the meaning of the word before us. We know 
that Paul, or Julia, or Alfred, or Emma, mean 
such and such men and women, and we do not 

« 

trouble ourselves about their Greek, Latin, or 
Saxon derivation ; and we take Lycidas or Cosmos 
as the names of poems or of books, and never 
think of going back to make out why they are 
called so. 
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II. 



Alastor. Here, under this shade, in the sacred 
stillness of noontid e 

Dion. Let me see your reference now. 

Alastor. Here it is : — 

"Were our mathematics perfect, and all the 
data known. Unhappily the first is so far from 
being the case, that in many of the most interesting 
dynamical inquiries, they leave us completely at a 
loss. We can (in the motions of fluids) include 
our problems in algebraical equations, and we can 
demonstrate that they contain the solutions ; but 
the equations themselves are so intractable, and 
present such insuperable diflBculties, that they often 
leave us quite as much in the dark as before." 

Now work out this problem in Geometrical 
Analysis : — 

" Given in magnitude and position the base of 
a triangle, and the ratio of the sides : to determine 
the locus of the vertex." 

Dion. Well, this is the result: — The bisectors 
CD and CD' form a right angle at C, and therefore 
the point C must be placed upon a circle whose 
diameter is DD' — which circle is the locus of the 
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vertex of the triangle, the base of which in magni- 
tude and position was given with the ratio of the 
sides. 

Alastor. You are right; but mark the note — 
*' As there are two points D at which tJie line may 
be divided in the given ratio , and as it may be pro- 
duced at either end : the locus, strictly speaking, is 
two circles" 

And again — "Given the base of a triangle: 
the sum of the squares of the sides and the ver- 
tical angle : to construct the triangle." 

Now, construct. 

Dion. If we have the base and the sum of the 
squares of the sides — let me look at the former 
proposition. Yes ; I find by one the locus of the 
vertex, and by another : as in your problem the 
base and the vertical angle are given: I find the 
intersection of these loci to be the determination of 
the vertex. 

Alastor. Not so determinate, for, as the de- 
monstrator says, <' It may happen that the loci do 
not intersect. In this case the solution is im- 
possible, and the data are inconsistent" 

Dion. He should have said, that the solution is 
impossible, because the data are inconsistent 

Alastor. And he goes on — "When the loci do 
not meet, the problem is impossible, and the data 
contradictory. And when they become identical. 
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the problem is indeterminate, and the data not 
independent." 

Dion. That will appear as you work it, and is to 
be allowed for, of course. 

Alastor. Of course; that is all I meant to 
show — that the result was indeterminate , and that 
there was an allowance to be made. I am not 
cavilling at the mode or at the truth of the working 
out — I merely give these as proofs of my assertion, 
that EXACTNESS is not a proper term applied to 
mathematical reasoning. Take another example 
from De Morgan — " All the formulee to which we 
have hitherto been led are perplexing to calculate 
for moderate numbers, and absolutely out of the 
question for high numbers. We now come to the 
part of our subject which may be considered as 
the most important of the whole, being the most 
difficult of the indispensable considerations — 
namely, the approximation to functions of very 
high numbers. But we have first to consider the 
species of expressions which have been hitherto 
obtained. And here we cannot have avoided 
observing, that in every case variable products 
have been obtained, in which one of the varia- 
bles is the number of factors, which varies in a 
manner depending upon the number of events in 
question." 
Here we find, that after long and laborious cal- 
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culations the products are variable, and that when 
all is done, the numbers capable of being worked 
upon are limited, and that the most important part 
of the whole^ the indispensable consideration, is at 
last only an approximation, 

Dion. Observe, however, that this is in the 
Theory of Probabilities, where the result is ob- 
tained by the elaboration of uncertainties. 

Alastor. Where the end is as uncertain as the 
beginning ; for here is one of the last sentences of 
the essay : — ** If the number n be extremely great, 
the result of the preceding is very nearly the pro- 
duct, p, p. 2, p. 3 p. r." If the number be 

extremely great — what is extremely f Can there be 
anything more loose and vague than this statement ? 
and equally so the result. ** The product," he says, 
" is very nearly" so and so. Very nearly is at 
last what we arrive at, at the end of 473 closely 
printed quarto pages, stuffed with the most labo- 
rious calculations. 

Dion. But, as I said before, in a theory of pro- 
babilities the result can only be a probability. 

Alastor. Yes, just so ; " it is a contradiction in 
terms to call it a theory." I was struck with this 
observation in some magazine ; and the more I 
have considered it, the more I have been impressed 
with the vagueness and inexactness of this attempt 
to theorize what is in its essence incapable of de- 



16 alastok; 

monstratioD ; but here is another specimen of 
your exact sciences. 

'^ Now, although it is true that the mean motions 
of no two planets are exactly commensurate ; yet 
cases are not wanting in which there exists an 
approach to this adjustment ; and in particular in 
the case of Jupiter and Saturn. That cycle we 
have taken for our example in the above reason- 
ing — ^viz., a cycle composed of five periods of 
Jupiter, and two of Saturn — although it does not 
exactly bring about the same configuration, does 
so pretty nearly."* 

Pretty nearly! — your exact science ! 

" Now," says Sir J. Herschel, speakingf of the 
orbits of the planets ; ** now, it may naturally be 
inquired whether in the vast cycle above spoken 
of, in which, at some period or other, conspiring 
changes may accumulate on the orbit of one planet 
from severed quarters : it may not happen that 
the eccentricity of any one planet, as the Earth, 
may become exorbitantly great, so as to subvert 
those relations which render it habitable to man, 
or to give rise to great changes at least in the 
physical comfort of his state. To this the researches 
of geometers have enabled us to answer in the 
negative. A relation has been demonstrated by 

• Hencliers ** Treatise on Astronomy," p. 346. t Ibid. 369. 
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Lagrange between the masses, axes of the orbits, 
and eccentricities of each planet, similar to what 
we have already stated with respect to their inclina- 
tion — viz., ' that if the mass of each planet he 
multiplied hy the square root of the axis of its 
orbit, and the product by the square of its eccen-- 
tricity ; the sum of all such products throughout 
the system is invariable.' And as, in point of fact, 
this sum is extrem.ely small, so it will always 
remain." 

Here are two of the greatest men in the exact 
sciences, and the result of their reasoning is this ex- 
pression: "thissum is extremely small." Extremely 
small! — small in proportion to what? Small is an 
adjective : it must be relative to something. Is it 
here a relative in proportion to size or to number, 
to space or to force ? " The mass of each planet," 
— the mass, as represented by weight in numbers? 
Or, what is the mass of a planet which is to be 
multiplied by the square root of the axis of its 
orbit, of which the product being multiplied by 
the square of the eccentricity : the sum of all such 
products is invariable in all the systems of the 
universe. The sum of what ? Is the weight and 
size — the orbit or the eccentricity of all planets — 
the same? And if not, how can multiplying 
the square roots and the masses arrive at the 
same result? Or what is meant by '* the sum of 
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all such prodacts?" The sum means the total 
in addition ; then the sum of the products means 
all the products of these multiplied masses, orhits, 
and eccentricities added together. If the same 
products — and he says, " of all such products" — 
if all the products are added together, what dif- 
ference of result could there he? If they are 
different, how can the sum he the same ? 

Dion. What you are objecting to is Lagrange's 
theory; and is perhaps mis-stated. Have you 
Lagrange ? 

Alastor. I have not: but I wish you would 
get it and verify the quotation. Not that it makes 
any difference in my argument, for Sir John Her- 
Bchel's reasoning upon it is equally inexact, whether 
he has quoted accurately, or inaccurately. I ob- 
ject to his expression "extremely small;" it is 
unphilosophical, and though it may do very well 
in what are called the exact sciences, it is, to 
an accurate reasoner, an absurdity — a mere ex- 
pression — a meaningless set of words. 

Dion. Go on, will you — finish the section : 
extracts are scarcely a fair way of testing the 
accuracy of scientific investigation. 

Alastor. My extract is perfectly fair ; it begins, 
if you observe, at the starting of the difficulty, 
and goes on word for word from the original, to 
what is intended to be the solution of it. 
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Dion. It is not, however, possible to test the 
accuracy of such demonstrations without going 
through the processes ; if we do not do so, we 
must take the assertion on trust. 

Alastor. I will not take any assertion on trust 
which is inconsistent with itself; but I will go on 
with the extract. I ended with — *' as in point of 
fact this sum is extremely small, so it will always 
remain." He goes on — "now, since the axis of 
the orbits are subject to no secular changes, this 
is equivalent to saying that no one orbit shall 
increase its eccentricity unless at the expense of 
a common fund, the whole amount of which is, 
and must ever remain extremely minute." To 
which he appends this note, '' There is nothing in 
this relation, however, taken j>er se, to secure the 
smaller planets — ^Mercury, Mars, Juno, Ceres, &c., 
from a catastrophe, could they accumulate on 
themselves, or any one of them, the whole amount 
of the eccefitricity futid. But, that can never be ; 
Jupiter and Saturn will always retain the lion's 
share of it. A similar remark applies to the 
inclinatiofi fund of article 515. These funds ^ be 
it observed, can never get into debt. Every term 
of them is essentially positive." 

Dion. You should not condemn as inaccurate 
such illustrations as these, which are meant, in a 
popular work like this, rather to outline and make 
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familiax the general views of astronomy, than to 
perplex unscientific readers with minutiee of mathe- 
matical reasoning. 

Alastor. Why, then, the author should not enter 
into any minutie^. If a demonstration, such as he 
quotes from Lagrange, is given, it should be given 
accurately; and, as I said before, this demonstration 
is nought; for, as his after observations show, the sum 
of these products means that all the products of all 
the multiplication of the masses, orbits, and eccentri- 
cities, or of their square roots — being added toge- 
ther, they will come to the same sum : and what 
does that prove ? Or, v^hat does his note prove ? 

Dion. However, in a work intended for general 
readers, you cannot expect the same hardness of 
close mathematical method that would be necessary 
in a treatise intended for men of mathematical 
knowledge. As Sir John Herschel says, in his 
"Essay on Natural Philosophy," "A certain mode- 
rate degree of acquaintance with abstract science is 
highly desirable to one who would make any con- 
siderable progress in physics." * 

Alastor. As moderate as you will, but that 
knowledge, however moderate, should be accurate. 
And propositions stated in a work intended for 
common, and not for scientific readers, should be, 

* Essay on *< Natural Philosophy/' p. 19. 
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as far as it goes, accurate and intelligible; dow, 
either the passage I have just quoted is unintelli- 
gible, or it is inaccurate. 

Dion. Simple numbers multiplied and added in 
this \?ay (though Herschel in this Essay says, that 
number is the soul of accuracy) are not any cri- 
terion for the nicer operations of mathematical 
scrutiny. 

Alastor. Of course ; but still two and two are 
four; and multiplication is multiplication; and 
while the word " product" and ** sum" are used, they 
are, unless otherwise explained and understood, 
to mean the result of operations, whether alge- 
braical or arithmetical, of multiplication and addi- 
tion. But let us leave these popular, and therefore 
you suppose allowably inaccurate treatises, and go 
to one by Sir John Herschel, written for a Cyclo- 
paedia, the article in the "Metropolitana'* on "Light." 

After a series of elaborate calculations, he arrives 
at the " Case of a wave transmitted through a limited 
aperture," from which he deduces this corollary; 
*' If but a verif small portion of the wave be per- 
mitted to pass, as in the case of a ray transmitted 
through a ver^ small side, and received on a distant 
skreen, d and (p (6) are very nearly constant, so that 
the motion excited in x is in this case represented 
by, &c." * 

* EfBay on « Light,'* section 682. 
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Very small and distant are not terms for an exact 
science. From such data^ what result can be found 
for philosophical deduction ? What can be proved, 
what can S and 9 or x l^^ made to represent that 
has any approach to exactness ? 

Again : " In fact, the angle reckoned from the 
vertical, at which a tint, corresponding to a thick- 
ness T in the rings would be formed, is given by the 
equation sin. p = ±' Jl—{^ )'= U^ J l-{ ,)\ 
taking /x = 4 for glass, which it is very nearly y * 

I have made these extracts from Sir John Her- 
schel, because he is the first authority, in order to 
show you, that, with as little the wish as I have 
the power to detract from his genius, or his accu- 
racy, I am able to point out, that in his treatises 
on the most abstruse subjects, intended for the 
most profound study, he is unable to give to his de- 
monstration that character of exactness which you 
claim for it. 

Dion. When we come to these minute and in- 
tangible variations, approximation can only be at- 
tained by these algebraic analyses. 

Alastor. Yes; thatiswhatlsay, a^/-(?^ma/i^». 
I do not mean to undervalue the method or the 
result ; but I do mean to maintain, that approx- 
imation is not exactness. Nor does it — as my for* 

^EsMy on *' ligW action 643. 
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mer qaotation from ''Herschel's Astronomy" proved 
to you — nor does this inaccuracy apply only, as you 
would say, to these minute and intangible variations, 
such as we have been examining in the *' Essay on 
Light;" they are, as we have seen, as inexact, that 
is to say, the results are as mere approximations in 
the immensity of space, when applied to the theo- 
ries of Astronomy. 

Dion. You cannot, in these vast combinations, 
deal with round numbers. 

Alastor. Round being a term applied by you 
admirers of the exact science to the only true ex- 
actness which we can cling to — the subUme immu- 
tability of number. 

Dion. Sublime and immutable, and belonging to 
the essential nature of things, but unmanageably 
contracted in their powers. To advance a step in 
any science, you must have recourse to analysis. 

Alastor. And what advance does that step 
make ? It appears to me, that you step out of the 
sunshine into the darkness of night. Was it shown 
by this analysis that there really is precise and 
immutable harmony between it and observation, it 
would really be the supreme science which you 
assert that it is. Here we hsve Astnuuuoogp sod 
AnaLysis, and we find all they arrive at is very 
nearly. We have found the same in the Theory of 
Light. 
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Then, in Chemistry ; what can be more evanes- 
cent than its terms and its nomenclature ? 

Dion. Do not call progress inaccuracy. New 
terms, new modes of expression, become con- 
tinually necessary for each new accession of dis- 
covery. 

Alastor. But each new term should represent 
something. Change is not advance ; we can only 
advance by certainty. 

Dion. Certainty is a term hardly applicable 
where we are constantly moving onward. The 
certainty of to-day yields to the discovery of to- 
morrow. 

Alastor. True. And where is the exactness of 
the science of chemistry ? Advance is not neces- 
sarily change. Advance, if properly and philo- 
sophically used, should imply that one step is. 
firmly fixed before we go on to another ; if not, we 
retrograde, or go in a circle. 

Dion. Your progress would limit human inven- 
tion miserably. 

Alastor. On the contrary, I would free it from 
all shackles, and, by giving it a firm foundation, 
enable it to bound forward with force and certainty; 
and I contend that such firmness of foundation, 
such certainty of progress, has not been yet 
attained in the so-called exact sciences, because 
the term is misapplied. In his " Essay on Natural 
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Philosophy," Sir John Herschel says, *' that the new 
inventions in the practical part of observation on 
mineralogy, have given it all the character of one 
of the exact sciences." How ? 

Dion. By bringing it within the power of ana- 
lysis. 

Alastor. That is, we are enabled to approxi- 
mate to some result beyond the power of numbers, 
and after proceeding through several pages of 
elegant (to use the approved expression) — of 
elegant demonstration, we come to the happy result 
of = pfc", or nearly so. 

Dion. You have done with analysis now, I sup- 
pose ? I acknowledge, and no one ever denied, 
that it does not attempt to come down to the level 
of every understanding. It never pretends to 
arrive at the mere assertion that 2 and 2 make 4. 

Alastor. Which homely truth is exact, because 
it is a part of our being ; it partakes of the Divine, 
because we feel that it is unchangeable. 

But, leaving analysis, what are the other sciences 
which claim this exclusive privilege of exactness, 
this right of private entree into the Temple of 
Learning ? 

Dion. That Dynamics and Geometry are exact 
sciences, I think, even you can hardly deny. 

Alastor. Dynamics, or Mechanics I Nothing, 
as I said before, can be more vague than the terms 

c 
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of this exact science, or more unfixed than its 
classification, more vague than the attempts to 
combine or to separate in the names which are ! 

given to its powers. 

Dion.. The names are, as I said before, nothing 
to the purpose ; they may be changed, but the 
power remains the same. 

Alastor. So I say: the practical good, the 
advantage to the artisan the experience of ages 
has proved, and proves every hour : but that is to 
deprive it of the dignity of a science. You remove 
it at once from its niche in the temple, and you 
may amuse yourself with adapting to the figure 
new appellations, or with hanging about it new 
robes and ornaments ; but it is merely an idoL a 
senseless image. These names, screw, lever, and 
pulley, are, you say, of no consequence ; where, 
then, is the exactness of the science ? 

Dion. The results obtained have nothing to do 
with the particular words used to express the 
powers by which that result is obtained. 

Alastor. Nothing in the world : only they are 
used in the authorities for these sciences, and 
changed by them, as I have said ; and however 
wise and just these changes may be, they destroy 
the character of exactness. The powers are immu- 
table ; but there is in the would-be science nothing 
that can be called exact. 
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Dion. All the results are capable of demon- 
stration. 

Alastor. By analysis ? But you have given up 
analysis. You have acknowledged that it arrives 
only at approximation. You would demonstrate 
by Geometry, which you placed along with Dyna- 
mics, as one of the exact sciences. Take the first 
page of Euclid ; it is a series of assertions which 
are to be granted before you can proceed. 

Dion. In rigorous fact, a point which is defined 
as occupying no space, takes up only what is an 
infinitely minute space ; and 

Alastor. But, as I am really exact, I admit no 
such expression ; infinitely minute is meaningless. 
You had better grant the assertion at once. 

Dion. It is indeed almost obsolete. 

Alastor. Well, then, here is a treatise published 
a few years since ; but, if you can, point out anything 
newer in this science, which is termed the most, 
the superlative of the exact. However, here we 
stumble at the very beginning. Parallel lines are 
still, it seems, undefined. Euclid and his followers 
assume, that if they approach, they must, if pro- 
duced, meet — " which is the very point in ques- 
tion." Here is an indeterminate in the very defini- 
tion ; and the doctrine of ratios is given up by the 
author's candour. ''Authors have invented a 
variety of ingenious devices to bide this transition ; 

c2 
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but, however the defect may be concealed on a 
superficial view of the subject, it will always be 
found to be admitted or taken for granted."* 

Then we come to circles, and the measure of 
angles, where the author makes the same confes- 
sion of attempted disguise ;t and in the problem 
of the quadrature of the circle, " it is enough to 
know the ratio of the circumference to its radius or 
diameter. Hitherto the ratio has never been dis- 
covered, except approximately," Would not it be 
honester, as well as more philosophical, to acknow- 
ledge that the quadrature of a circle is a problem 
that has never been solved ? 

Dion. But perfect exactness is impossible to 
humanity. 

Alastor. That is all I wanted you to allow ; that 
was all I wished to prove ; that was what we began 
with ; you blamed Humboldt for not giving a 
theoretic rather than a speculative " Cosmos :" and 
I defended him by saying, tlvat it was all humanity 
could do — that man looking at the world is still 
only man ; and that as long as he observes, com- 
bines, and reasons upon what he can behold or 
comprehend, he is truly scientific — he is acting his 
real part: he is keeping his destined place: but 
the moment he steps out of it he loses himself. 
If he will usurp powers that are not his ; if he will 

* Note, p. 319. t Note, p. 322. 
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presume to attempt to look at these things from a 
point of view which he can never reach, he falls, 
and perishes like all the Icari of this vain endeavour. 

Dion.' You would have no theory ? 

Alastor. There is no possibility of consistent 
reasoning without theory. Man must systematise, 
but he should systematise as man, and not attempt 
the ways of Providence. He must not argue upon 
intentions which he first invents, nor think that 
he is exalting the sense of deity by these childish 
mockeries of combination beyond his grasp. Per* 
feet exactness is, as you say, impossible to man, 
and we should therefore drop such futile expres- 
sions, and instead of hampering and deceiving 
ourselves, we should acknowledge that we have 
not completed any science, that we cannot speak of 
what has gone before as utterly thrown aside, or 
what we have arrived at as certain. How many 
axioms have been rejected by one generation and 
put away by the next as obsolete, to be revived by 
the third as the truth. How little secure we can 
feel when now we hear of "this, our advanced 
state of scientific knowledge," that we have mas- 
tered one foundation stone. We reach in science, 
as in other kinds of cultivation and civilization, to 
a point from whence we again appear to retrograde, 
and we have not therefore any right to boast 
ourselves as now at an advance of knowledge 
never gained before ; and it is one of the great 
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merits of Humboldt's "Cosmos" that he arrogates 
nothing. 

Dion. He tells you the discoveries of modern 
times as a forward movement in the march of 
mind. 

Alastor. " Forward " is the watchword of hu- 
man capacity — it is a part of our very being : it is 
this instinct for the beyond which hangs before 
the hero's eye — that " orb suspended ** which leads 
him on so undismayed. It is this instinct^ this 
indestructible consciousness of the yet unattained, 
which warms and lights us on the paths of every 
enterprise : that never-dying echo which still 
repeats this " Forward" even to expiring humanity, 
and makes at once the source and the securitv that 
there is a Beyond this world. Onward we must 
feel, or fancy, that we go — and as we go, we must 
believe that we have dropped along our road such 
wayside marks as shall be indestructible — tokens 
of our path which the birds of the air shall not 
devour, nor the sands of the desert overwhelm, 
nor the surges of invading oceans wash away. 

Dion. Such an indestructible landmark in the 
vast of human endeavours you consider to be 
Humboldt's " Cosmos ?" 

Alastor. Yes, a very bright, distinct, and unre- 
movable Pharos. But it is bright and distinct 
because the eye is carried onward to it by all former 
bright and indestructible landmarks — ^he has not> 
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as he went along the way, knocked down and over- 
turned each upright stone erected hj preceding 
travellers; he has respected them, and pointed 
them out as those even unto this our day he has 
reverenced; he has often, with a pious hand, 
cleared, restored, and re-estahlished these moss* 
grown piles, and urged the firm belief that in this 
dust prophetic we have the traces of past, or the 
germs of future science. 

Dion. It is his province : memory and combi- 
nations of memorials are the powers of Humboldt 
— not discovery. 

Alastob. '"Cosmos" was meant as a record of 
observation, not as a mere process of present 
invention. 

Dion. Invention is a higher power of the mind. 

Alastor. The height depends upon the pur- 
pose. 

Dion. That which eventuates is more powerful 
than that which recollects. 

Alastor. The chandler who improves the 
making of farthing candles is an inventor, and 
Humboldt is his inferior, because he only tells what 
others have done. 

Dion. No, I would not be satisfied with your 
improved farthing candles ! I must have a new 
kind of candle discovered. 

Alastor. You go with the spirit of the age ; 
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this kind of invention is the very boast of our 
generation. 

Dion. To conceive and to perfect the composi- 
tion even of a farthing candle, or of a lucifer 
match, is a stretch of thought — the man ^eho 
completed the first box of lucifer matches was (in- 
dependent of the infinite use that he has been to 
the daily, hourly, comfort of mankind) — indepen- 
dent of its use, the mere invention marks him — 
greater than the inserter of the discovery in the 
past year's almanac. 

Alastor. Especially if the inserter does as you 
do, and inserts as the first invention those now 
called Lucifers — inexact even in the science of 
Lucifers ; they were originally Prometheans, and 
though Lucifers are an improvem/ant, I claim for 
the Prometheans the priority. 



< I 



III. 

Alastor. It is well that we finished our debate 
upon exactness in the sunshine. We could not 
have kept up an argument in the soft stillness of 
the moonlight, with these deep shadows from 
trees that have so long remained beneath the '' old 
and still enduring sky." 
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Dion. On vhich we gaze and gaze, as countless 
men have gazed and gazed before, and never pe- 
netrated yet ; even that broad moon, so silently 
looking at us, is it silently and senselessly too ? 
Are there in her men speculating on what they see 
beyond their world, or is it a bare and barren 
emptiness ? 

Alastob. We h&ve, as yet, perceived no traces of 
humanity on this our side of our satellite ; but 
even the most resolute of our dogmatists has never 
maintained that there might not be inhabitants 
upon the antipodes, and perhaps some day they 
may creep over those volcanic rocks, and peep 
about at us; perhaps their Columbus is yet to 
discover their America, and in some few years 
Lord Bosse may point out to us the Washington, 
New York, and Boston upon this lunar America. 

Dion. A romance no one can refute, I suppose, 
and far removed from every suspicion of exactness. 

Alastob. That mixed word of conjecture, specu- 
lation, and of deliberate research which constitutes, 
according to Humboldt, the happiness of a philo- 
sopher's existence, while *' a presumptuous seep* 
ticism, which rejects facts without examination 
of their truth, is, in some respects, even more 
injurious than an unquestioning credulity." 

Dion. We cannot accuse ourselves of either ; we 
have been this whole morning examining facte^ 

c 8 
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Dor have vfe accepted even the highest authorities 
without questioning them. But, when Humholdt 
80 much admires this " mixed mode " of conjec- 
ture and certainty, it is all the more self-denying 
and meritorious in him to avoid, as he does so 
resolutely, almost all attempts at conjectural emen- 
dation in the theories of the universe. 

Alastor. Perhaps "Cosmos," which assumes 
only to he a view of what man has seen and done in 
the way of acquiring knowledge of this earth, and 
of all that he observes of other worlds ; in such a 
work it would, perhaps, have been out of place to 
suggest new theories, or even to have attempted 
any modification of the old and established nomen- 
clatures. But it is extraordinary that neither he nor 
any of the philosophers of our time should have 
endeavoured to simplify the system of the universe 
by getting rid of such anomalous terms as attrac- 
tion of cohesion, and the centre of gravity. The 
idea of the earth being upheld by the force of 
magnetism is not new — it has been suggested and 
rejected ; but why ? Humboldt quotes, with ap- 
plause, from Robert Gilbert. 

Dion. What a droll way he, or his translator, 
has of giving everybody almost their two names 
and dropping their titles, in the most Quakery 
fashion — we have not indeed Isaak Newton, he is 
allowed to be Newton ; but it is always William 
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Herschel, James Boss, Robert Brown, and George 
Forster — a man wbomHumboldt, with a pardonable 
nationality, places in a more exalted light than I 
ever saw him yet by any one else; and this 
George put to his name is amusing, as if we had 
a dozen "Forster's Voyages Bound the World,'* 
and this particular voyager with Cook was George. 

Alastor. Well: Bobert Gilbert ridicules the 
notion of loadstones forming the poles. It may 
be absurd to suppose a great mass of rock at either 
end of the earth, as if they formed the centre of 
some vast pivots, on which the sphere was 
whirled ; but why should not the Sun be a vast 
magnet, or mass of electro-magnetic matter, and 
the Earth, and all the revolving planets, electro- 
magnetic masses, attracted, suspended, and main- 
tained in their courses by the same power ? Why 
should we— contrary to the simplicity of Nature, 
and abhorrent to the wisdom of the philosopher 
— why should we have two powers to effect one 
purpose? Why should we persist in using the 
term attraction of gravitation ? — a term which has 
no definite meaning — a vague, mysterious, unde- 
fined, and undefinable expression. 

Dion. Is Newton, too, to be accused of inexact 
expression ? 

Alabtor. I accuse nobody : we need not go back 
upon that. My wish for exactness is from my 
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admiration for all the great discoverers, and for 
their discoveries ; hat it has heen no detraction to 
Newton that succeeding astronomers have proved 
by improving upon his theories. Sir William 
Herschel's great telescope has not unhallowed the 
veneration with which we look at the plain little 
instrument with which Sir Isaak Newton made his 
observations. Herschel's great telescope lies now 
entombed : it may, in its material fabric, like its 
master, perish into dust ; but the memory of him, 
and of it, and of the discoveries he effected, will 
never perish, or be effiiced, or even dimmed. 
That greater discoveries may be achieved by the 
greater instrument of Lord Bosse will only en- 
hance the glories of previous discoverers. (Ersted's 
"Besearches in Electricity and Magnetism" have 
not degraded the discoveries of those who went 
before. On the contrary, we return with wonder 
and veneration to the lights which gleam upon us 
through the dim obscure of far-off ages. What I 
have wished to say all along has been that, what I 
feel to be unworthy of our men of science, is the 
trampling upon the past; the rejecting as forgotten 
lumber the painful labours of their predecessors ; 
the presumptuous assertion of pre-eminent know- 
ledge; the audacious assumption otjlocity of tenure, 
for this our holding in the domains of knowledge. 
Newton placed the planetary system and the whole 
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extent of physical science in a form of beautiful 
simplicity, which must ever remain the glory of 
his age and his country. But it is no detraction 
to his merit to simplify it still more ; there is the 
power of magnetism^ why should not we resolve 
these vague formulae — Attraction of Gravitation 
and Attraction of Cohesion — ^into this single law of 
Magnetic Force ? 

''The weight of a body (considered as dimi- 
nished by centrifugal force) is the effect of the 
Earth's attraction on it. This attraction, as Newton 
has demonstrated, consists not in a tendency of 
all matters to any one particular centre, but in 
a disposition of every particle of matter in the 
universe to press towards, and, if not opposed, to 
approach to every other. The attraction of the 
earth, then, as a body placed on its surface, is not 
a simple but a complex force, resulting from the 
separate attractions of all its parts." * 

Attraction is here used indefinitely for attraction 
of gravitation, or gravity, and for attraction of 
cohesion — which are usually distinguished as the 
attraction which impels bodies to the earth, and 
that which coheres or maintains the integral parts 
of all substance, and this great globe itself, in one 
united mass. But why should we have these two 
separate kinds of attraction? ''A disposition 

^Henohel'B << Astronomy," p. 127. 
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to press towards, and, if not opposed, to approach 
to," being an exact definition of magnetic attrac- 
tion ; the only difierence now being, that the words 
which I have omitted in this sentence have not 
hitherto been supposed to apply to magnetism. 

Dion. You would then say that the masses con- 
stituting our own and the other planets, and the 
centre sun, are all sustained in their forms, and 
preserved in their courses, not by the two attrac- 
tions of Cohesion and Gravitation, but by that 
which is called Magnetic. But if the whole earth 
is magnetic, in what does the power of the load- 
stone consist, or what is the force of magnetism, 
per sef Why, if the Earth's attraction is all 
magnetic, why should the near neighbourhood of 
iron deflect a magnetic needle ; or why should a 
magnet attract and support any iron placed within 
its reach ? How can this particular supersede the 
general law ? How can the minute force of a three- 
inch bar induce another three-inch bar to overcome 
the universal force of the whole earth? And 
when this minute or particular exertion of mag- 
netic force prevails over the great and general force, 
why does it act only on the whole of what it 
attracts as a whole — ^why do not the parts cease 
to cohere ? Why, if this coherence depends upon 
magnetic attraction, should not in-eoherence be 
induced by this particular force, which is, you say, 
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sufficient to withdraw the whole mass from that 
of the earth ? 

Alastor. Why, if so-called Gravity pervades all 
matter— why should any one combination of matter 
have power to disturb this power ? Why should a 
hundred weight in one scale sink to the earth when 
there is but one pound in the other scale ? 

Dion. Because, according to Newton, all matter 
attracts all matter with a force directly proportioned 
to the MASS of attracting matter. The one hundred 
weight descends rather than the one pound, because 
the attraction to the earth, the force which induces 
it to move, is in proportion to its mass ; this attrac- 
tive force, proportioned to the mass, being what 
is termed weight. 

Alastor. The cause of the descent of the ounce 
is, you say, the force of the earth's attraction, but 
at the same time that the ounce descends the grain 
ascends ; why is the whole earth's attraction for 
the grain thus superseded by the particular attrac- 
tion for the earth of the ounce ? 

Dion. Because such is the law of gravitation, 
or WEIGHT. The principle of weight is, that the 
attraction towards the earth increases tinth the 
increase of mass, 

Alastor. What is there, then, different in our 
theories except names ? A magnet sustains a 
grain or an ounce of iron^ it equally overcomes 
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the force of the whole earth's magnetic attraction 
in either case ; as does your scale, with its ounce, 
overcome the gravity of the grain in the other 
scale. You call it weight; I call it magnetic 
attraction. Magnets of different sizes possess 
different degrees of attraction ; that which would 
only support an ounce would not support a ton. 

Dion. But that which would support a ton 
would also support an ounce; and thus weight 
disappears. 

Alastor. Put your grain and your ounce in 
the same scale and they descend together : exactly 
the same are the circumstances. 'The magnet 
sustains both ounce and grain — gravity causes 
both to descend to the earth. 

Dion. But if the whole aittraction of the earth 
is magnetic, why should a single magnet exert its 
force only upon loadstone or iron ? 

Alastob. If force of gravity depends upon. the 
MASS attracted, why should the force of this attrac- 
tion of gravitation be greater for an inch cube of 
lead than for an inch cube of cheese ? Why is 
lead heavier than cheese ? 

Dion (laughing.) Because it is. I really know 
no other reason. 

Alastor. Then why should you require any 
other reason for the loadstone attracting iron 
rather than gold ? Galling the force which sus-* 
tains the world, or which combines the particles 
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of matter, by the single name of Magnetism, in- 
stead of the two names of Attraction of Gravita- 
tion, and Attraction of Cohesion, is only a sim- 
plification of nomenclature. It is no new system; 
it introduces no new power ; it attempts no further 
insight into Nature ; it withdraws not one fold of 
the veil that covers that mighty mystery. 

Dion. Specific gravity ? What would you term 
it? How can you understand the inch cube of 
lead making its scale descend, while that of the 
inch cube of cheese ascends ? Do you still say 
that lead is beavier than cheese ? That the spe- 
cific gravity oiplombine is greater than the specific 
gravity of Uictine, or how ? What possible mag- 
netic influence can there be between the magnetic 
mass of the earth and the cheese ? 

Alastor. I should still say, very simply, that the 
lead is heavier than the cheese, because, without 
any science, we are all aware of the fact — heavy 
and light are the words we use to express this 
result — the cause has been named specific gravity. 
'< It is our own immediate consciousness of effort 
when we exert force to put matter in motion, or to 
oppose and neutralize force, which gives us this 
internal conviction of power and causation^ so far 
as it refers to the material world, and compels us 
to believe that whenever we see material objects 
put in motion from a state of rest or deflected 
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from their rectilinear paths, and changed in their 
velocities, if already in motion, it is in consequence 
of an EFFORT somehow exerted though not accom- 
panied by our consciousness." '' All bodies with 
which we are acquainted, when raised into the air 
and quietly abandoned, descend to the earth's sur- 
face in lines perpendicular to it. They are, there- 
fore, urged thereto by a force or efiFort, the direct 
or indirect result of a consciousness and a will 
existing somewhere^ though beyond our power to 
trace, which force we term gravity.'** 

This is one of the latest definitions of gravity by 
our highest authority. Let us take this definition, 
that there is a power which influences matter, 
drawing it towards the earth, and this power is 
called Gravity. Let us, instead of this unknown 
power, or fictitious assumption of power, called 
Gravity — let us go to the known power, called 
Magnetism, or Electricity, *' Magnetism is one of 
the manifold forms under which Electricity shows 
itself."t 

Or, to take from a note inj " Cosmos" the ex- 
pression of Knupho, a Chinese writer of the fourth 
century, " The magnet draws iron, as amber 
attracts the smallest grains of mustard-seed. It is 
as if a mysterious breath of air passed through 

* Heraehers '< Astronomy," p 232. 
f Humboldt's *< Cosmos,*' p. 176. { Ibid. yoI. i. p. Ixi. 
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both, and commanicated itself with the swiftness 
of an arrow." 

** The earth's magnetism," says Herschel,* " is 
merely an effect of the continual circulation of 
great quantities of electricity round it" — the dis- 
covery of electro magnetism having, as he says, 
shown that " a variety of causes, both geological 
and others, may be imagined, which may pro- 
duce considerable deviations in the intensity, and 
partial ones in the direction, of such electric cur- 
rents." 

Instead of this vague supposition thus loosely 
expressed, of great quantities of electricity floating 
in space about the earth, " in a direction generally 
corresponding with that of its rotation," I conclude 
that the whole earth is magnetic, and that instead 
of adopting a term, such as gravity, we should use 
the word magnetism, which expresses a power with 
which we are acquainted. And, by extending this 
name by the addition of the word electro — Electro- 
Magnetism — we speak of a power whose effects are 
capable of experimental proof: we simplify all 
Gosmical phenomena, and avoid unphilosophical 
vagueness in physical science. 

Specific Gravity may continue to be the term 
applied to express the abstract weight of bodies, 
although that gravity or weight is not, I say, 

* Herachers <' Natural Pbaosophy," p. 328. 
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to be attributed to a somewhat hitherto-called 
Attraction of Gravitation, but to the magnetic 
power of the earth. What that power really is, 
we know no more than we did of the power we 
called Gravity ; but we find in some forms of matter 
— as iron and amber — a force which attracts certain 
other masses of matter, or in which, in some cases, 
repels them. When we perceive this force, we 
should, although we cannot arrive at its source, 
any more than we can reach the source of animal 
life, or than we can comprehend the beginning or 
the aim of creation. Yet, perceiving this force, 
which we have agreed to call magnetism, we 
should endeavour to employ it as known, rather 
than lose ourselves in the application of an ex- 
traneous and inconsistent expression. 

Let us, then, agree that "the reason why an 
apple falls," may, without any disrespect to New- 
ton, be termed magnetism, instead of gravity, and 
that though weight must be referred to " different 
intensities of that magnetism," we can still call it 
weight, for, to our apprehension, all the phenomena 
of gravity remain the same, although we attribute 
these phenomena to a known instead of an un- 
known power — known, that is, so far that we can 
experiment upon, make use of, and direct its 
power. We shall then say that what we call 
difference of weight is caused by the different 
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INTENSITIES OF MAGNETIC DEVELOPMENT. Here 

are several words which we must resort to for 
expressing a fact, though we have always still the 
consciousness that all these words bring us no 
nearer to the origin of these differences of intensity 
than did the former word gravity. But we have the 
mass of the globe — a mass of magnetic power : all 
matter above the surface of this globe is also a mass 
of magnetic power, and these masses, whatever be 
their shape, their size, their tensity, their com- 
pactness, or their situation, are attracted towards 
the superior magnetic mass of earth. Some forms 
of this matter are found more susceptible of this 
attraction than are others. In some, magnetism 
may be said to be more strongly developed than 
it is in others, so that smaller and more tangible 
masses are seen to attract each other, indepen- 
dently of the attractive force of the earth. 

Dion. So, a person in a state of clairvoyance 
may be said to be in a state of highly-developed 
magnetism ! Some other mass of matter, some 
other person, has discovered their mutual sus- 
ceptibility of attraction, and has, by a few visible 
and tangible operations of their hands, attained an 
experimental mastery over the other ! 

Alastor. Do not let us waste our time by 
spending a thought on that trumpery imposture, 
80 absurd in itself and so clumsy in its execution^ 
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that the veriest mountebank at a village fair would 
be ashamed of such performances. 

Dion. It simplifies the science of medicine, does 
it not ? Is not it in accordance with your own 
theory? Does not it refer everything to mag- 
netism ? 

Alastor. I do not refer everything to mag- 
netism ; nor are the tricks of empirics referable to 
any philosophical theory ; nor does it simplify any 
science to attribute effects to contradictory causes. 
I do not want to make magnetism miraculous ; 
that is to say, an action beyond, or inconsistent 
with the ordinary operations of nature, as we call 
those phenomena which are habitual to our own 
form and being, and to that of all created things 
which we can comprehend. I attribute no super- 
natural powers or effects to magnetism, or electro- 
magnetism. I use it, as I find it I substitute it 
for an unnecessary expression, and I think that 
with the closest reasoning, and on the most 
rigorous examination, we shall find my position 
hold good, and my substitution exact. 

That the mass of the globe — this earth, affects 
a magnetic needle, has been observed for ages, and 
has been, and is being proved every day by new 
experiments, conducted with all the accuracy of 
modern invention; collected with all the zeal of 
the noblest searchers into science ; combined and 
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reasoned on with all the supremacy of genius. All 
which might and majesty of man's endowments 
will, I am confident, agree in future to concentrate 
these, the results they have obtained, in the one 
simple form of expression, the magnetic attraction 
of the earth. 

*' The magnetic force of our planet is," says Hum- 
boldt, ''manifested at its surface by three classes 
of phenomena; one of these is the varying inten- 
sity of the force, and the other two its varying 
direction shown in the inclination of the magnetic 
needle in the vertical plane, and in its declination 
from the geographical meridian. The aggregate 
eflfect may therefore be represented graphically by 
three systems of lines called isodynamic, isoclinal, 
and isoganic."* "The horary variations of the 
declination are apparently governed by the sun, 
whilst that body is above the horizon at any spot ; 
they also decrease in angular value with the de- 
crease of magnetic latitude near the equator. In 
the island of Bawak, for example, they barely 
amount to three or four minutes, while in Middle 
Europe they amount to thirteen or fourteen. 
Throughout the northern hemisphere, the move- 
ment of the north end of the needle from 8^ 
A.M. to 1^ P.M., or thereabouts, is from east to 
west; and as, at the same hours in the southern 

♦ " Cosmos," Tol. i. p. 170, 171. 
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hemisphere, the same end of the needle moves in 
the opposite direction, attention has been justly 
called to the presumption, that there must be a 
region of the earth," " in which no horary variation 
of the declination is sensible." " The perpetual 
fluctuation observed in all the magnetic pheno- 
mena, in the inclination, declination, and intensity 
of the force, according to the hours of the day, 
and even of the night, the season of the year, and 
the lapse of years, leads to the belief in the exist- 
ence of very various and complicated systems of 
electric currents in the crust of the earth. Are 
these, as in Leebeck's experiments, simple thermo- 
magnetic currents, the immediate effect of the un- 
equal distribution of heat, or currents induced by 
the calorific action of the sun. Have the rotation 
of the earth and the velocity of its different zones, 
according to their distance from the equator, any 
influence on the distribution of magnetism ? Is 
the source of magnetic action to be sought in the 
atmosphere, or in the interplanetary spaces, or in 
a polarity of the sun and moon ?" 

Dion. It is extraordinary that Humboldt, in 
making these queries, did not himself suggest an- 
swers inventing your theory. 

Alastor. It appears that the magnetic needle is 
subject to changes in its force, its angle, and in its 
level, and that these changes, having been noted. 
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are mapped in certain lines and figures over the 
globe. The variations from age to age are vague ; 
but the careful observations of navigators and ex- 
perimenters by sea' and land, in latter years, has 
shown a certain regularity of curve in the lines 
laid down to delineate these changes, as if the 
cause of these variations might be, from this regu-^ 
larity, referred to some general and fixed rules. 
Or shall we* " regard so singular a configuration 
as the efiect of local peculiarity in those parts of 
the earth" ? 

From the regularity with which these deviations 
follow one another so as to be laid down in the 
map in a form invariably oval, we might be 
satisfied that these variations increase and diminish 
according to some fixed power of attraction, which 
increases and decreases according to a fixed law ; 
but then, the horary alterations are inconsistent 
with these gradual and great curves of variation ; 
the law which governs the variations in space does 
not hold good in time. I should therefore say, 
that though ** these phenomena, like all great 
natural &cts, appertain to a general system and 
have a general cause," yet that they are in almos 
every case modified by " the effects of local pecu- 
liarity in * different* parts of the earth." 

9 « CoBmoB**— Terrestrial MagnetiBin. 

D 
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Both the general law and the peculiar modifioa* 
tion axe proofs of the influence of a magnetic 
force to be found — not '' in the atmosphere, or in 
the interplanetary spaces, or in a polarity of the 
Bun and moon;" nor, €s Galileo suggests, in 
*' a centre of magnetic attraction existing in 
space ;" but from magnetic attraction in the earth 
itself — a simple and sufficient cause for the ge- 
neral regularity — ^while it as simply and as suf- 
ficiently accounts for the peculiar modifications. 

This simplicity of explanation has hitherto been 
puzzled and confused by the extraneous and unne- 
cessary power introduced into our theories of the 
universe — that of gravity. Omit that, and have 
recourse to the one and sufficient power of mag- 
netic attraction, and we rest at once on a certainty 
from which spring up endless forms of coi\jecture, 
inexhaustible happiness of observation and of ex- 
periment. We rest on the certainty of a power 
which we know, and on which we can experiment; 
though while we feel that in using the word mag- 
netism instead of that of gravity, and thus simpli- 
fying our nomenclature, we still walk in a cloud of 
mystery : we advance no nearer to the source^ the 
cause, the original of this power. But here it is — 
this power — ^and has been from the earliest recorded 
observations down to the present day — in the 
wildest of regions, on the shores of the Orinoko^ 
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whexe the childxen, as Humboldt observed, had 
discovered amd used in their play the attractiv0 
pro^rty of some legamiaous seeds. There is 
this power observed and acknowledged in all space 
«nd all time of human duration ; and let us use it, 
and oonolude £Bom all the exjperiments made and 
OMi^ped that the influeiM0 of the earth's masp 
«f^n the liieedle directs or dsaws it in one fixed 
dmoti9&« wj»ich we^ in this bemiq>here, call the 
iNoftb^-<4hiapole being tie centre of electric motiotk. 

Dion. What do you mean by the centre qf 
electric motion ? 

Alastor. We need not go into that now, and 
in the middle of the night; the moon has almost 
set, and we should set> too ; but let me finish my 
sentence. The influence of the earth's whole 
mass directs the needle noi^wise : the influence 
of local collections of magnetic force induces the 
viariations observable in this northeni directio^i ; 
and while we endeavour to form some general law 
for these variations, we must, with the minutest 
philosophy of experimental caution, take care that 
our inductions are foom the general cause — the 
universal magnetic attraction of the earth — while 
we note as only individual modifications those 
facts which occur in lOur observations arising only 
from local accidents. When we know the variety 
of substances which may in a variety of circum- 

1)8 
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stances produce electro-magnetism, we can only 
hope to reach any definite law for the actual de- 
viation by constant^ minute^ painful, and incessant 
experimental observation, keeping in view always 
the one great principle that — Electro-magnetig 

ATTRACTION IS IN THE MASS OF THIS EARTH, NOT 
ONLY AS INDUCING PHENOMENA OF MAGNETIC 
ACTION, BUT AS CAUSING THE PHENOMENA OF THE 
DESCENT OF BODIES TO THE EARTH, WHICH HAVE 
HITHERTO BEEN ATTRIBUTED TO WHAT WAS CALLED 
GRAVITY. 



IV. 

Dion. Another beautiful day — which I enjoy. I 
feel much more philosophically disposed in this 
bright sun than in a gloomy fog — much more 
Plato and Socrates like. So I begin Socratically 
with a question — ^What do you mean by the cen- 
tre of electric motion ? 

Alastor. In CErsted's Electro-Magnetic Experi- 
ments^ he, having charged his galvanic battery, 
and connected its poles by a conductor, or uniting 
wire, suspended a magnetic needle — so that the 
wire passed above and parallel to it — the needle 
moved, and the end of it next the negative side of 
the battery went westward^ its inclination decreas- 
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ing as the wire was withdrawn to a greater dis- 
tance from the needle ; and, in pursuance of this 
first experimental proof of the identical nature of 
electricity and magnetism, Faraday suspended a 
horizontal piece of wire from the ceiling of a room, 
by a silken thread, dipped the two ends of the 
wire respectively in two basins of mercury, and 
then connected them with the poles of the battery, 
and the result was, as he had expected, a rotatory 
motion — a result which every succeeding experi- 
ment has confirmed and extended ; the rotatory mo- 
tion instantaneously ceasing on the disconnexion 
of the poles. 

Such I suppose to be the immediate cause of 
the rotatory action of the planetary system. The 
ultimate cause, the original union of the connect- 
ing poles of that electric or galvanic action which 
maintains this rotativeness in the planets we can- 
not comprehend ; but in its simplicity this theory 
seems worthy of the sublime order and preci- 
sion of all that we observe of the Newtonian - 
Gopernican system of the solar and planetary 
revolutions ; the sun forming the centre at once of 
rotatory motion, and of sustaining attraction, while 
each planet, having its own centre, performs its 
own self-rotation; this centre in our earth being 
that pole towards which the magnetized needle is 
attracted, so as to point always towards it — while 
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our earth is itself to tli>e moon tbe centre of its 
rotation, as Saturn and Jupiter are to tYuk satel- 
lites. All these planets, and their revolving satel- 
lites, revolve, with their electro*magnetio fbrcei 
round the centre sun. 

Dion. So you propose. Now let us compare 
your theory with the Newtonian or Gravitation 
theory. *• On the one hand," says Herschel,* " Gra- 
vity is a real power, of whose agency we have daily 
experience. We know that it extends to the greatest 
accessible height, and far beyond ; and we see no 
reason for drawing a line at any particular height, 
and there asserting that it must cease entirely; 
though we have analogies to lead us to suppose its 
energy may diminish rapidly as we ascend to great 
heights from the surface, such as that of the moon* 
On the other hand, we are sure the moon is urged 
towards the earth by some power which retains her 
in her orbit, and that the intensity of this power is 
such as would correspond to a diminished gravity 
* in the proportion — otherwise not improbable--of 
the squares of the distances.' If gravity be noi 
^hat power, there must exist some other/' 

Alastor. I say that gravity is not that power, 
and that it is some other, and that other electro- 
magnetism ; and I deny that there is any such real 
power as gravity. 

* <' Treatise on AMxBmmj," pw 336. 
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Dion. Herschel goes on to say, " Gravity must 
eease at some inferior level, or the nature of the 
moon must be difierent from that of ponderable 
matter ; for if not, it would be urged by hoth powers, 
and dierefore too much urged and forced inwaids 
from her path." 

Alastob. " Some inferior level," — inferior to 
what? "urged by ^th powers." What are the 
two powers ? Without, however, going into any 
of these inaccuracies, we may give up the whole 
theory ; so exceedingly difficult to reconcile with 
its own laws, and which involves so many 
contradictions. The sun, to be capable of attract- 
ing the earth, is made to^ ^contain 854,936 
times the mass or quantity of ponderable matter 
that the earth consists of. Nor let this conclusion 
startle us. We have only to recal what has been 
already shown (article 805) of the gigantic dimen- 
sions of this magnificent body, to perceive that in 
assigning to it so vast a mass, we are not outstep- 
ping a reasonable proportion. In fact, when we 
come to compare its mass to its hulk, we find its 
density to be less than that of the earth." 

How are these assertions reconcileable ? the sun 
attracts the earth by being 854,936 times "the 
mass or quantity of ponderable matter that the 
earth consists o£" And yet we are told, imme- 

« *< Treatise on Astroaomj,'* p. 239. 
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diately after, that the sun is composed of lighter 
material though greater in bulk than is the earth. 
Again, we are told that the earth and the moon, 
preserving their own revolutions in their own orbits, 
circulate round the sun, the sun sufficing to keep 
this earth and her satellite in their annual journey 
round the sun without separating them: but at the 
same time we are told also that,* ^' if the moon 
simply revolved about the earth under the influence 
of its gravity," " its orbit would be a perfect ellipse 
returning into itself, and always lying on one and 
the same plane : that it is not so is a proof that 
some cause disturbs it and interferes with the 
earth's attraction, and this cause is no other than 
the sun's attraction — or rather, that part of it 
which is not equally exerted on the earth." 

Can this attraction, which attracts the whole sys-* 
tem of the moon and the sun, also give a part of this 
attraction to B^part of the system? Without any of 
these difficulties or contradictions, my theory of elec- 
tro-magnetic rotatory motion explains the sustain- 
ment of this our system — that is, the relation be- 
tween the earth and the moon, as revolving each 
round its own centre of electro-magnetism, while the 
moon at the same time revolves round the earth by 
the same electro-magnetism, and both together per- 
form a gyration round the solar electro-magnetic 

♦ " Theory of Astronomy," p, 241, 
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centre : the sun performing its own rotation on its 
own electro-magnetic centre at the same time. From 
the independence of these movements we avoid the 
contradictory nature of gravity^ which is supposed 
to sustain at the same time that it attracts to 
divergency. The attraction of gravitation on the 
surface of the earth is supposed to induce all 
matter towards itself; the extent of this attraction is, 
as Herschel tells us, beyond our highest mountains 
and further : but this very attraction is supposed 
to be what perpetuates the course of the moon in her 
orbit round the earth. Once projected, it is stated, 
her course is thus sustained by the exactly regu- 
lated relation of her mass, and the attraction of 
gravitation in the mass of the earth. These con- 
tradictions — the tendency to come to the earth's 
surface, and its power of only upholding without 
withdrawing — are at once destroyed by the theory 
that motion of the moon is independent of the 
earth's attraction. The magnetic affinity of matter 
towards the earth, which occasions the disposition 
of all matter to descend towards the earth's surface, 
is a power in the earth, and concerning only the 
phenomena observable on the earth and its atmo- 
sphere — ^and has nothing to do with the perform- 
ance of her own rotation or revolution, or with those 
of the moon. " The* moon's orbit is not, strictly 

• Henehd's ** Txeadse on ABtronomj," pp. 227, 228. 
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speaking, an ellipse, by reason of the variation of 

the plane in which it lies and the motion of its 

nodes/' *' The best way to form a distinct concep- ; 

tion of the moon's motion is to regard it as de- ^ 

scribing an ellipse about the earth in the focus : ^ 

and at the same time to regard this ellipse itself to 

be in a two-fold state of revolution; 1st, in its own 

plane by a continual advance of its axis in that 

plane; and 2ndly, by a continual tilting motion 

of the plane itself." 

From these words we should suppose that there i 

was an actual material road — a race*course, on 
which the moon does it in 29 days, 12 hours, and 
44 minutes : but as this is not the case, we can ex< 
plain the phenomena of the moon's apsides without 
any confusion of terms, or the introduction of the 
imaginary orbit as a material path. The electro- 
magnetic — 

Dion, You need not say electro-magnetic. It 
has been proved by CErsted and Faraday, &c, &c. 
that the formerly so-called magnetism, is produced 
by and identical with electricity ; but as the electric 
attractive power is most familiar to us under the 
name of magnetic, let us agree to understand by 
magnetic — the power of attraction'caused by elec- 
tric or galvanic action. 

Alastor. The rotatory motion of the moon 
round its own magnetic centre is not, we discover 
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by observation, perpendicular to her orbit, so that 
we are enabled to perceive, by her libration, that 
she has this rotation. This her own self- rotatory, 
and her earthly and her solar gyrations, account 
for the imperfect elliptical shape of her course, 
and for the motion of her nodes. As the earth is 
also in constant motion, both self-rotatory and 
gyratory, round the sun, and the sun itself also 
self-rotatory, their several relations, or the shape 
of their courses in space, must vary constantly, and 
are observable to us on this earth, and the amount 
of these variations calculable in numbers. 

The other planets already discovered I consider 
as in like manner gyrating round a magnetic 
centre. " The apparent* motions of the planets 
are much more irregular than those of the sun or 
moon," "We find,'' however, "universally, that 
the interval of time elapsing between the successive 
passages of each planet through the same node 
(whether it be the ascending or descending) is 
always alike, whether the planet, at the moment of 
such passage, be direct or retrograde, swift or slow, 
in its apparent movement. Here, then, we have a 
circumstance which, while it shows that the motions 
of the planets are, in fact, subject to certain laws 
and fixed periods, may lead us very naturally to 
suspect that the apparent irregularities and com- 

* Henchers '* Treatise on Astronomy,'* pp. 244—6, 
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plexities of their movements may be owing to out 

not seeing them from their natural centre, and 

from our mixing up with their own proper motions 

— movements of a parallaotio kind, due to our own . 

change of place, in virtue of the orbitual motion I 

of the earth about the sun." i 

Not only " very naturally'* may we be led to this 
inference, but we must philosophically lay it down 
as a necessary fact — inseparable from our situation / 

on the earth — inseparable from our position on a 
body constantly rotatory, and constantly gyrating 
— that is, always revolving on its own magnetic 
centre, and always travelling round the magnetic 
centre or sun of its system. These motions neces- 
sarily interfere so much with our views, direct or 
telescopic, of all the other bodies of the universe 
we behold, that we should not speak of the planets 
as really "advancing rapidly," or "relaxing in their 
speed," or as " reversing their motion, and moving 
back upon their former course." JThe word " ap- 
parent," which is introduced as the epithet only to 
speed in the Sentence I have just read, "relaxing 
their apparmt speed," — this word apparent should 
properly be applied to the whole description of 
the planetary motions, as our description is ne- 
cessarily only of the motions apparent to us — 
apparent at such vast distances; and these ap- 
pearances modified by such a variety of combined 
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and relative and irrelative movements of our own 
earth, lliat we should content ourselves with only 
attempting to state what we actually observe, and 
theorizing only on the general principle that bodies 
whose apparent movements are the same as those 
which we have ascertained with regard to the 
earth and the moon, that these movements are 
carried on by the same power, and according to 
the same laws — ^we conclude that the planets, 
which we have by observation ascertained to travel 
round the centre sun — we conclude that they per- 
form this journey by the same magnetic influence 
that our own planet, the earth, does, and that 
they possess the same self-rotatory and solar- 
gyrating power as does our earth and its moon, 
and we are confirmed in our trusting to this analo- 
gical conclusion by our observations of the moons 
or satellites of Jupiter — observations the most 
complete and satisfactory which science can effect 
Now, in the attraction of gravitation theory, all 
these movements of the different bodies in our 
system are perplexed by the necessity of allowing 
for the perturbing influences of neighbouring 
bodies. Sir John Herschel,* after some laboured 
analytical investigations of the phenomena exhi- 
bited by two attracting bodies, says, " Yet on de- 
scending to a more rigorous nicety, and especially 

* Essaj on " Physical Astronomj," part ii. section 1. 
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on compariDg together observations embracing a 
very long series of years, it is found that the result 
of the calculations founded on the assumption of 
elliptic motion according to the laws above demon- 
strated, do not represent the observations perfectly. 
In a word, though the elliptic theory agrees very 
nearly with observations, yet, to make it tally 
rigorously with them, it is necessary to introduce 
modifications/' And then he proceeds to state^ 
how much increased are the mathematical difficult 
ties, when we come to ascertain these modifications, 
with regard to a great number of revolving bodies, 
and the whole solar system. In the case of two 
bodies, he says, " there we had no diflficulty in in- 
tegrating the differential equations of the problem. 
Here, on the other hand, the equations are too 
complicated to allow of their integrals being ex- 
hibited otherwise than in series : and even then we 
have no means of ascertaining their laws. Fortu- 
nately, however, this is not necessary : the enor- 
mous preponderance of the sun's mass in our sys- 
tem being such, that the fractions representing 
those of each of the other planets are enough to 
allow of their squares and products being neglected 
without any fear of inducing appreciable errors. 
It is a well-known theorem, which extends the ap- 
plication of mathematical reasoning to natural 
phenomena, that, when several causes of motion 
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act together, if their effects taken singly are of 
such an order of minuteness that their squares and 
products may be disregarded, then their joint 
effect will be the sum of the effects which would be 
produced by each acting alone. This principle 
allows us to regard the disturbance or perturbation 
of any one planet, produced by the joint action of 
all the others, as the sum of the effects each would 
produce separately; so that we may simplify the 
investigation by leaving out of consideration all 
but a single disturbing planet, and applying the 
analytic formulae so investigated to each in suc- 
cession, we shall thus obtain expressions for the 
perturbations produced by each, which, added to* 
gether, give the total perturbation." 

We are, in the electric rotatory theory, " fortu- 
nately for us," enabled to do without all these 
omissions, and ''coaxings," and errors compen- 
sating errors. In this theory, the revolving force 
of solar electricity is alone sufficient to maintain 
the motion of the planet in its own orbit : each 
planet, in its own mass, is considered to have its 
own magnetic force, attracting within the sphere 
of its own surface, but extending no further: 
thereby avoiding not only these perturbations 
which have so perplexed astronomers with a fear 
of change, which they would endeavour to account 
for, unmindful of the monstrous anomaly of the 
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son's attraotion being sufficient to keep Saturn in 
his distant orbit> while it is not enough to pull 
Mercury, who is in such near neighbourhood, out 
of his ! 

Dion. It is curious that, in speaking of the 
gradual diminution of attraction of gravitation 
towards any body by the increase of distance, 
Herschel* makes use of these words : — " The gra- 
dual enfeebling of attraction towards any body by 
an increase of distance is not only a natural sup- 
position, but is borne out by the strong analogy 
of magnetic and electric attractions." 

Alastor. In my theory, the analogy becomes 
the fact. The lessening of magnetic attraction by 
distance annihilates the danger of perturbing 
attractions from neighbouring planetary masses ; 
while it sufSces, from the whole earth's mass being, 
according to the theory, magnetically attractive, it 
suffices to bring down to its surface all that can 

KISB FROM THAT SURFACE TO ANY HEIGHT ABOVE IT. 

The precession and natation of the earth*s axis 
is, in the magnetically rotatory theory, no longer a 
vague and perplexed confusion between the actual 
pole or point of the earth and the imaginary lines 
described by it in space ; but this change in the 
place of the pole of the earth is the actual move^ 
ment inseparable from its magnetic rotation on its 

* Essay on ** PhyBical Astronomj,** part i. section 1. 
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own centre. The rotation of the earth round its 
own centre of magnetism is invariable, as is its 
gyration round the solar centre ; and what is called 
the Precession of the Equinoxes will be found to 
be rather an error in the imaginary ecUptic than a 
teal alteration in the time or course of gyration, 
constituting the apparent annual revolution, or in 
the moment which astronomers have agreed to call 
the suns arrival at the equinox; but many of 
their difficulties, and much of the perplexity in 
which they involve themselves and their scholars, 
'arise from the habit of speaking of ecliptics^ 
poles, zones, and equators as actual material reali- 
ties — a childish error, which has led to serious 
misapprehensions. 

In all that I have hitherto said, I have not 
intended to overturn, or even to shake any former 
system ; least of all have I meant to attack the 
Newtonian. I have only substituted a known for 
an unknown power ; I have only withdrawn from 
the simplicity of Newton's theory those complexi- 
ties which must arise from the attraction of gravi- 
tation; I have separated the earth's magnetic 
force, exerted on bodies within reach of that force, 
from the compelling power by which its diurnal 
and annual revolutions are sustained ; and while 
electricity has hitherto been considered as vaguely 
floating in currents round our globe, I consider 
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the globe — our earth, as itself a mass of electro* 
magnetic force, on the pheaomena of whose power 
science may exult in endless inquiry. I have, to 
use the noble expressions of Sir John Herschel,* 
endesToured '' to raise our hopes of the future 
progress of science, by pointing out the simplest 
and most obvious combinations as those which are 
actually found to be most agreeable to the har* 
mony of creation, and to hold the cheering pros- 
pect of difficcdties diminishing as we advance, 
instead of thickening around us in increasing com- 
plexity/' 

In all systems of physical science, with regard to 
the motions of the earth and the other planets, 
some original Cause is granted. In the Newtonian 
theory, the planets are considered to be set in 
motion by an inscrutable power. In every Cosmos, 
whether we are taught that our solar system is but 
the fragments of a former world left by some con- 
eossion in space, or whether we are told that it 
was created at once as it is, there must still have 
been a creative power. By the Newtonian theory, 
the earth, which we inhabit, and all the other 
planets, are endued by this original creation with 
the attraction of gravitation, by which, having been 
once set in motion, they are sustained in their 
courses. For attraction of gravitation, I substi- 

* UenekeVa *' Natural Phflosophj/' p. 808. 
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tate that of magnetisni, and assert that, vhetber 
the planets and the sun are fragmentary of former 
worlds, or created at once as they are, the Creative 
power has endued all the planets of our Quirerse with 
that force at once so subtle, and so stupendous, 
which, we call magnetism, or electricity. By this, 
from the central sun, which is a mass of electric 
agency in constant action, emanates that electric 
operation on the- magnetio masses of the planets 
which, at their creation, was begun, and is main- 
tained, and must so ccmtinue to.be maintained, 
as long as the electric agency of the sun^sl mass 
continues in actiyity» While each individual 
planet, on its own magnetic axis, and subject to its 
own internal completed circle of electric influence, 
continues to rotate on this its own peculiar centre, 
while still vivified and maintained by the solar 
magnetic centre, these revolve round some oth^ 
lesser planets or satellites. 

There we behold those distant worlds in the 
repose of their eternal motion ; the sun, the first 
adored of human superstition, and those ^'five other 
wandering fires " the fabled deities of poetic my- 
thology — and the latest found of modem science — 
there they revolve in viewless orbits, on these 
unseen centres which the original creative force 
endued widi that combination of magnetic in- 
fluences whose mysterious depths are still to us so 
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iDcomprehensible : the more mysterious, as we 
are so fax in possession of its secrets. In miniature 
we can produce by the electrical machine the danc* 
ing of the pith balls in an electrified atmosphere : 
the mimic representation of the planetary gyrations. 
We can make a galvanic battery, and we can con- 
nect the ring of circulating force : we can see it 
pulsating in the voltaic pile, or through the palpi* 
tating spiral, or whirling the ball, the magnet, or 
the needle* Or we can suspend or drop enormous 
weights at a touch, as we connect or disconnect 
our magnetic wires; or we can speak in an instant 
of time along a magnetic line of hundreds or thou- 
sands of miles in extent. But what this power 
which we call magnetism is, we know no more than 
did Thales in the earliest ages of our world. We 
do, however, know its efiects, and we can produce 
them: we may therefore reason on those efiects 
produced upon the grand scale of the universe. 
We consider the sun as the centre — a mass of 
magnetic matter evolving its own light and heat, 
and having attached to it at the centre the ends of 
the connecting ring of that productive force which 
is always at work in this centre sun, and which by 
this electro-magnetary influence, causes and main- 
tains the revolutions round it of the planetary 
world. Suspended, moved and maintained to this 
magnetic or electric centre, once electrified and 
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repelled into their present positions, the eternal 
action of the electro-magnetio centre so maintains 
the planets ; while their own internal magnetic ac- 
tiyity — the ends of that internal connecting and 
conductory ring of circulating galvanism being 
united from the beginning, and to continue united 
as long as they are to continue their rotations — 
these, so moved by a process independent of and un- 
connected with that of their solar gyrations : a pro- 
cess subsisting in the interior of each planet mass: 
they have revolved, and continue to revolve in their 
several orbits and on their several axes, undisturb- 
ing and undisturbed. 

Dion. But could any mass of electrical force, 
even that of such a body as the sun, suffice to 
maintain in constant action the distant planets, 
such as Saturn and Herschel? 

Alastor. When a little galvanic battery can 
send a message along a wire from London to 
Dover, we need not hesitate about the electric 
force of the sun being sufficient to maintain as 
distant, or more distant planets. The maintaining 
powers of electro-magnetic force being free and un- 
restrained, we are not embarrassed in our consi- 
derations of its action by the perplexities of gravity. 
We do not know what electricity is — but we do 
know that its force can occasion a distant, or a 
near body, to revolve. All the bodies within the 
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sphere of its aotkm reyolye ; bot it has not a teo- 
deaey to attraet the nearer rather than the dis- 
tant: aiid here we avoid one of the most startling 
anomalies of the theory of gi»vitation» viz., why iit 
should have power to Sttstain the <listant, and not 
have power to witbdcaiwihe near bodies &om 4;beir 
orbits. 



V. 



Dion. Your theory is ingenious, bolt till it is 
subjected to the most rigorous analysis I shall not 
put impli(»t fiiith in it 

Alastor. As soon as analysis is reaUy what it 
is caHedy ''an exact science" — ^when analysis 
arrives at honest residts^ and is not satisfied with 
approximations gained by the omission of so many 
squares and square roots, and all the tricks through 
wluch the calculator works, its test will be worth 
trying ; but when we saw, in what I read to yoa 
yesterday from Sir John Herschers ** Physical As* 
tronomy/' in what a wretched state the science is, 
when a man of his first-rate genius* one of the 
first mathematicians of the age, a man ot the 
highest honouET, and of the most ardent devotion to 
philosophic truth, yet, when doing— as we may 
suppose he did on such a subject — ^when doing his 
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best at it — what inapt oondasions do we find 
tfajK>tigfaout the whole essay ! 

Dion. Humboldt does not agree with your de- 
preciation of this science, for he says^^ ** It is no 
small testimony to the ralue of analysis, same^ 
times 80 contemptuously regarded in the unscientifie 
circles of civil life, that by his complete &eory of 
tides Laplace has enabled us to predict, in our 
astronomical ephemerides, the height of q)ring 
tides at the periods of new and Ml moon." 

Alastoiu Has he ? Let us now cooisider what 
is said by one of the first actihoridest on the com- 
pleteness of Laplace's tidal theory. 

*^ In remarking on these methods, we cannot 
fail to observe that Mr. Lubbock's method of using 
aU the observations for his first results, and the 
methods founded on this by Mr. Whewell, are, in 
some respects, greatly superior to Laplace's, which 
used only observations made at particular times. 
Thus, Laplace assumed that the principal cor- 
rections for parallax must occur on the days when 
parallax was greatest. Mr. Lubbock's method, if 
properly used, would show whether that is true or 
not." " Laplace gave very little attention to the 
times of the tides, and, moreover, in the discussion 
of solstitial and equinoctial observations, he con- 

* "Eflsay on Tides and Wayes," in « Encyclopedia Metro- 
politana." f Ibid. 
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fined himself to the times bordering very closely 
on solstices and equinoxes on both sides of them, 
and therefore the increase of the square of decli- 
nation could not appear." And again, in calcu- 
lating the effect of parallax on the height of the 
tide at Brest, the observed difference was 47*27, 
and that deduced by Laplace theoretically was 
51*52 — this theoretical difference arising from 
Laplace's choosing to use only the declination, 
instead of declination and parallax. Again, 
''The equilibrium theory and Laplace's lead us 
to expect that the diurnal tide will be large in 
middle latitudes, and small near the equator and 
near the poles." " The fact of observation is, that 
the diurnal tide is as large near the equator as in 
middle latitudes." *' The value of Laplaxie's theory 
is lost in a great measure, because the solutions 
hitherto attempted apply only to those cases in 
which /=n exactly or i=2n exactly." "La- 
place's theory would te much more valuable, if it 
were extended so far as to include the effects of 
friction." '^ Laplace's theory of the movements of 
the sea, supposing the globe to be completely 
covered by water, whose depth is uniform, or 
follows a very simple geographical law, has far 
too little regard to the actual state of the earth to 
serve for the explanation of the principal phe- 
nomena of tides." The diurnal tides, too, in the 
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Pacific, are in total contradiction to Laplace's 
theory of.no diurnal tides. So that, so far from his 
analysis bearing out a complete theory for the 
tides, his fundamental positions are incompatible 
with observed facts, and his solutions inconsistent 
with both theory and practice. 

Dion. But why should you attack Laplace in 
particular, when your magnetic theory must destroy 
the whole idea that 

Pressed by the moon, mute arbitress of tides, 

they are dependent on her, or modified by the 
sun? 

Alastor. I did not mean to attack Laplace, nor 
would it be possible to demolish the estimation 
in which so great a man is justly held. But I 
wished to show you that even Humboldt could be 
mistaken, and that Laplace's analysis of tides was 
an unfortunate instance for the accuracy of the 
science. 

As to the " mute arbitress," she is, of course, 
dethroned by my theory. The tides are not, ac- 
cording to the magnetic system, caused by the 
Moon's attraction ; and by getting rid of her in- 
fluence and that of the Sun, we get rid of the great 
stumbling-block of the tide being equally affected 
at the further and the near side of the Earth to th^ 
Moon, the explanation of which is thus given by 

E 
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Herschel :* — " The tides are a subject on which 
many persons find a strange diflBculty of concep- 
tion. That the Moon, by her attraction, should 
heap up the waters of the ocean under her, seems 
to most persons very natural ; that the same cause 
should at the same time heap them up on the 
opposite side, seems to many palpably absurd. 
Yet nothing is more true, or indeed more evident, 
when we consider that it is not by her whole 
attraction, but by the differences of her attractions 
at the two surfaces and at the centre, that the 
waters are raised: A drop of water existing alone 
would take a spherical form, by reason of the 
attraction of its parts ; and if the same drop were 
to fall freely in a vacuum, under the influence of a 
uniform gravity, since every part would be equally 
accelerated, the particles would retain their relative 
positions, and the spherical form be unchanged. 
But, suppose it to fall under the influence of an 
attraction acting on each of its particles indepen- 
dendy, and increasing in intensity at every step 
of the descent ; then the parts nearer the centre of 
attraction would be attracted more than the central, 
and the central than the more remote, and the whole 
would be drawn out in the direction of the motion 
in an oblong form; the tendency to separation 
being, however, counteracted by the attraction of 

* <* Treatise on Astronomy," p. 335. 
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the particles on each other, and a form of equili- 

m 

brium being thus established. Now, in fact, the 
Earth is constantly falling to the Moon, being 
continually drawn by it out of its path; the 
nearer parts more, and the remoter less so than 
the central ; and thus, at every instant, the Moon's 
attraction acts to force down the water at the sides 
at right angles to her direction, and raise it at the 
two ends of the diameter pointing towards her. 
Geometry corroborates this View of the subject, 
and demonstrates that the form of equilibrium 
assumed by a layer of water covering a sphere 
under the influence of the Moon's attraction would 
be an oblong ellipsoid, having the semi-axis di- 
rected towards the Moon longer by about fifty- eight 
inches than that transverse to it. There is never 
time, however, for this spheroid to be fully formed ; 
before the waters can take their level, the Moon 
has advanced in her orbit both diurnal and monthly 
(for in this theory it will answer the purpose of 
clearness better if we suppose the Earth's diurnal 
motion transferred — the Sun and Moon in a con- 
trary direction); the vertex of the spheroid has 
shifted on the Earth's surface, and the ocean has 
to seek a new bearing. The efiect is to produce 
an immensely broad and excessively flat wave (not 
a circulating current), which follows, or endeavours 
to follow, the apparent motions of the moon, and 

E 2 
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must, in fact, if the principle of forced vibrations be 
true, imitate by equal, though not by synchronous 
periods, all the periodical inequalities of that 
motion. When the higher and lower parts of this 
wave strike our coasts, they experience what we 
call high and low water. The sun also produces 
precisely such a wave, whose vertex tends to fol- 
low the apparent motion of the sun in the heavens, 
and also to imitate its periodic inequalities. This 
solar wave co- exists with the lunar — is sometimes 
superposed on it, sometimes transverse to it, so as 
to partly neutralize it, according to the monthly 
synodical configuration of the two luminaries. 
This alternate mutual reinforcement and destruc- 
tion of the solar and lunar tides cause what are 
called the spring and neap tides, the former being 
their sum — the latter their difference. Although 
the real amount of either tide is, at present, hardly 
within reach of exact calculation, yet their propor- 
tion at any one place is probably not very remote 
from that of the ellipticities which would belong 
to their respective spheroids, could an equilibrium 
be attained." I have given you this long passage 
of explanation, because I suppose it is the best 
that is to be had. And now, are you much the 
wiser? Does all this give any reason why the 
tides should he affected equally by the moon at both 
sides of the earth, which was to be done ? 



3 
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Dion. No ; I do not think it does. It has one 
great fault in any reasoning, but especially in what 
is meant for reasoning at once popular and 
scientific — ^I mean that of a false supposition for 
the sake of explanation. In this theory, he says 
it will make it clearer to transfer the Earth's 
motion to the sun and moon. I do not see how 
it clears up any thing, and, besides being false, it 
is puzzling. 

Alastor. Moreover, you will observe that, in 
the end, he says, no exact result has yet been ob- 
tained for the real amount of either tide ; only we 
mighty if an equilibrium could he attained, find that 
the proportions of these tides at any one place 
is probably not very remote from the ellipticities 
which would belong to their respective spheroids. 

Dion. Which is all " highly satisfactory." But 
does the " Essay on Tides and Waves " you were 
quoting from throw no light on this subject? 

Alastor. No, none. The author candidly ac- 
knowledges that all the observation and calculation 
of France and England have failed to establish a 
theory.* " Throughout the whole of this subject, 
the selection of the proper theoretical ground of 
explanation is a matter of judgment. In son^e 
cases, we may conceive that we are justified ip. 
using the equilibrium theory ; in others, the wave 

* ''Essaj on Tides and Waves," section ii., article 14. 
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theory will apply completely or partially. In a 
few cases, the results of observation in one locality 
will be considered as a fundamental set of experi- 
ments, upon which the explanation of the pheno- 
mena in other localities will be grounded without 
further reduction to theory, and as a last resource, in 
almost every case we shall be driven to the same 
arbitrary suppositions which Laplace introduced." 
Now these local phenomena are, according to 
the magnetic theory, of more consequence than 
they have hitherto been regarded. In all former 
theories, the tides are spoken of as in a great body 
of unbroken ocean — as if the Moon's attraction, 
and that of the Sun, were acting on, and drawing 
towards them an external coating of water, which 
lay unbroken over the earth. But such not being 
really the case, we should consider the tides as 
they appear in different localities, and presenting 
different phenomena. No author that I have seen 
offers any explanation of the tideless nature of 
the Mediterranean that is at all satisfactory. The 
tide is scarcely observable, all authorities agree, in 
that sea ; while at Venice it is, though small, suf- 
ficient to be perceived, and at Annapolis, in the 
Bay of Fundy, the tide rises, says Sir John Her- 
schel,* ] 20 feet. And he accounts for this fact, by 
the tide- wave rushing up a narrow channel, which 

♦ "Theory of Astronomy/* p. 339. 
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suddenly raises it to an extraordinary height. 
Why should that rush affect the tide at Annapolis, 
and not at the Straits of Gibraltar, where the 
whole swell of the Atlantic only makes itself slightly 
perceptible at the entrance to the Mediterranean, 
and not at all on the Syrian coast, while that in 
the Adriatic is nothing near the entrance, but very 
plainly marked at the Venetian end ? Because, says 
the writer on " Tides and Waves," a tide, insensible 
at the mouth, becomes sensible at the head. It 
does so for the Adriatic, but, not for the Medi- 
terranean. 

But all this has nothing to do with the Moon 
or the Sun; if their influence depend on their 
position with regard to the earth and to each other, 
the influence must be constant, or, if modified by cir- 
cumstances, those modifying circumstances should 
always be consistent. We see that they are not so. 

Dion. The ephemerides and almanacs, their 
calculations for the tides, — ^what do you do with 
them? 

Alastor. What do they amount to ? . They are 
said to be calculated from the moon's changes, be- 
cause the '^ influence of the moon on the tides has 
been observed from the earliest ages." The times 
of the tide's ebb and flow vary from day to day, and 
so does the figure or appearance of the moon's form 
to our eyes; but there is the whole of the con- 
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nexioD. The moon has as much to do with the tides 
as she has with the weather. The ease with which 
traditional authority is given is not surprising 
among the unlearned. It is singular that the most | 

profound in science should as easily take upon 
trust the unproved assertions of ignorance — " the 
moon enters her first quarter" — as if she walked 
into an inn at the end of her first stage. We see 
a little more of her light to-day than we did yes- 
terday, and what possible effect can that have on 
the clouds which clear and leave an open sky above 
our earth, or which descend upon it in snow, rain, 
or hail ? The increase and decrease of light from 
the moon, as we look at her, is regular and certain ; 
the changes in the weather irregular and uncertain 
to that degree, that no looking forward can fix 
upon what it may be. The moon is said to be 
<'at the full" on a certain day, and as she is to 
affect the tides, they should be at their height 
then; but though said to be dependent, the 
movement of the moon and of the tides ^' are not 
synchronous." 

The Sun, too, does not perform his part cor- 
rectly either, as his " efficacy fluctuates between the 
extremes of 19 and 21." 

And extraordinary high tides : how accounted 

for by the Moon ? Let us look at the tide at Bris- 

ol : here are the data — the difference between the 
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Moon and the tide at Bristol, 40 — at London, 52. 
The tide on the Irish coast is nothing, while be- 
tween Wicklow and Wexford ; very strong all along 
the east coast to Wicklow. Why does the Moon 
affect one part of the same coast, and not the other ? 
Leaving out the Sun and the Moon, then, as they 
possess no influence on our globe — what causes 
the sea to advance upon the shore at one hour, and 
then to withdraw itself some hours afterwards? 
Why does not the ocean rise beyond the boundaries 
of island and continental shores ? What prevents 
its incursion at Brighton ? Why should not it 
overflow the coast from Brighton to Mount Edge- 
cumbe ? Or why should not the Atlantic have long 
since submerged tbe whole of Africa? Is not 
there water enough in that vast ocean ? If the 
waters of the Atlantic and the Pacific were moved 
only by the winds^ and showed no other alteration 
in the level mass which it exhibits in repose than 
that of waves and billows, we should only say that 
the ocean was made to keep its place, and the land its 
place; and we should look upon the Pacific as upon 
a great tub filled with water to its brim, and 'which 
could only overflow by outward agency ; but when 
we see the waters of this ocean advancing and 
throwing themselves on the land — surging onward 
and upward on the shore — ^what is to stop it? 
.Where is it going ? Will it submerge the Earth ? 

xS 
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While we gaze, the waves plash, recede, and again 
advance, leaving at each successive plash a further 
mark upon the shore. Now, as we gaze, we doubt 
whether they continue to advance before they re- 
cede, or whether they cease altogether to advance. 
We perceive that they only recede; and so they con- 
tinue to do till they are again altogether withdrawn 
from the shore, and leaving it uncovered and bare 
before our eyes, we wonder where these surging 
waves have all withdrawn themselves away to. 

Dion. Much more marvellous is the tide in an 
inland sea, as I have seen it in the Scotch lakes — 
the gradual creeping on of the water inch by inch, 
gaining slowly and surely on the shore — no fluc- 
tuation, no plash ; it moves onward with a resist- 
less quietude, whose very repose is sublime. One 
feels in the visible presence of a Supreme Power. 
I doubt if the most furious tempest, sweeping away 
forests and toppling down rocks, would impress 
me more with inscrutable force than the soft ripple 
of that slow advancing tide. 

Alastor. The coast tide, which ebbs and flows, 
and falls in waves, and the unebbing gradual ad- 
vance of lake tides, alike arise from the magnetism 
of the earth contending with the magnetism of the 
sea. The variations in the hours, and the force 
arising from the local accidents of different coasts 
and different seas, must always remain subject to 
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local observation and allowance — as at present, 
when the law is supposed to be ascribed to the in- 
flaence of the moon and of the san, and whence 
the tables are formed : even with these tables^ local 
allowance is made for London, Liverpool, and Bris- 
tol, &c. All Whewell and Lubbock^s elaborate 
calculations are formed from a mass of observations,' 
80 that at last the result of their mathematical de- 
ductions could be only speculative — could relate 
only to a general theory ; for as far as practic^al. 
use, the repeated and collected observations from a 
variety of places must^ in each of those places, 
effect all practical and local purposes. For practi<ial 
ends, then, experiment and recorded observation 
have been, and must always be, the basis; and as, 
according to my argument, the theory has hitherto 
been mistaken, it cannot^ for daily use, make any 
difference, our attributing the tides to the attrac- 
tion, magnetic, of the land and of the water ; but 
as to scientific inquiry into truth, it is a philoflo*. 
phical improvement. 

Observation has pointed out a great Wave of 
tidal flow extending along the Atlantic ; and kmi^ 
lysis has endeavoured to calculate the rules of it» 
motion. I conceive this motion arises frdm iho 
magnetic attraction of the American obntineni 
endeavouring to draw the waters to itS' shores^ 
resisted by the magnetic attraction of the main 
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earth beneath the waters, while the waters are 
themselves kept in tension and unbroken by their 
own magnetic attraction of particle to particle; 
and this struggle of the opposing magnetic in- 
fluences endures — that of the American continent 
conquering — till, from the rotation of the earth, 
the waters begin, as Herschel expresses it, to fall 
off, and the wave, retreating, falls towards the 
continent of Africa, whose magnetic influence be- 
gins with the water the same struggle, the same 
drawing towards the land, and withdrawing by the 
under-sea influence, which always, at last, pre- 
vails. The absence or feebleness of the tide in 
different places is consistent with this theory, be- 
cause the motive influence is direct; it is from 
the land itself, and must therefore vary from the 
nature of that land. These variations in the 
degree of tide, which, in the theory of the causal 
influence being the sun and moon, unvaryiugin their 
general relation to the sea and to the land, occasioned 
an invincible anomaly in all former tidal theories, 
which the profoundest mathematician and men of 
the highest genius have struggled in vain to over- 
come, as long as they endeavoured to do so by the 
impracticable laws of gravity — these difficulties 
have only been increased by the voluminous regis- 
tries of local observation. The endeavour to recon- 
cile the variations thus recorded has involved the 
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calculators in an inextricable mass of difficulties 
in their attempts to generalize the rules for tidal 
periods. Such attempts have never attained any 
practical result; in all the tables of the tides they are 
made out, ** for London," or " for Dublin," corrected 
by observation ; and even these corrected tables are 
frequently set at nought by " extraordinary high 
tides," which occur without any error of the moon 
in coming nearer to the earth than she was wont, 
without any conjunction with the sun, or any of 
the modes by which an influx of gravity could be 
accounted for — they are literally "extraordinary 
high tides ;" and where they cannot be accounted 
for by mere meteorological phenomena, of heavy 
rain or swelling rivers augmenting the volume of 
the sea upon the coasts, where they fall into it, 
these extraordinary tides are referable to an 

AGGRAVATED INTENSITY OF MAGNETISM in the maSS 

of the earth — the whole earth being magnetic, 
and its central interior being, as I have said, a 
constantly active reservoir of electro-magnetic 
agency, with a recurring power of regeneration in 
itself; this recurrence depending as it does not 
only upon the constant electric action, but upon 
the varying nature of the materials attracted from 
the earth's mass, and absorbed into the electric 
reservoir, and acted upon and reproduced, such 
varieties of formation result in what to human 
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observation appear to be fitfal influences, through- 
oat the globe's whole mass to its surface ; and thus 
by its increased — and only occasionally increased — 
(occasionally, as the magnetic agency swells up 
and subsides) power— draws in an occasionally 
increased or extraordinary high tide. 

Local causes, though allowed for in the moon 
theory, are, as I have said, so loosely detailed as 
to be absurd, which discrepancies I said enough 
about just now ; and we may now set at rest all 
these discrepancies and all the complicated uncer- 
tainties of tidal calculations, by referring the 
general ebb and flow to the magnetic influence of 
the Earth upon the Sea, and the particular excep- 
tions to particular and local yarieties in the mag- 
netic structure of those particular localities. 

Dion. Fine subjects for experimental proof. 

Alastor. Experiment may, perhaps, in eyery 
instance confirm my theory ; but the presence of 
magnetic force in particular localities may arise 
from such interior and deep-seated causes, or from 
such slight yarieties in different soils, as to elude 
the nicest experimental research. 

Barometrical observations, too, have often con- 
founded the experimenter, when proceeding on the 
laws of gravity and the pressure of the atmo- 
sphere — the rise of the mercury in a barometer in 
fine weather being attributed to the increased 
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pressure on the mercury in the cup or fountain, 
arising from the increased weight of the atmo- 
sphere; a theory which is supposed to be con- 
firmed by the fall of the mercury on ascending 
a mountain where the pressure of the atmosphere 
is diminished. These practical results, though 
not agreeing with practical sensations, are supposed 
to be of practical utility ; but the theory is, as far 
as meteorological observation goes, irreconcileable 
with human feelings. The ** barometer falls,*' we 
say, for bad, and ''rises" for good, weather. Our 
feelings are that, on a wet foggy day or in the 
close and heated stillness, the precursor of a 
thunder storm, the air is so oppressiye that our 
breathing is less easy — that the whole atmosphere 
is heavy. Yet, it is precisely at these times that 
the mercury falls; which fall we are « told is be- 
cause there is then a less pressure on the mercury 
— that the air is then lighter. This contradiction 
must, proceeding on the laws of gravity and 
pressure of the atmosphere, be conceded as inex- 
plicable; but the contradiction is avoided and 
the difficulty solved if we refer these changes of 
height, this rise and fall in the barometer to its 
proper cause — the increase or diminution, or rather 
the altered distribution, of electro-magnetic in- 
fluences which belong to the meteorological changes. 
Humboldt, in enumerating the causes which affect 
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barometrical phenomena gives, '' The electric teti^ 
sion of the atmosphere, of which the primary source, 
when the sky is serene, is still much contested ;" 
and may ever continue to be so contested, because 
the changes in the weather, and in the electricity 
of the atmosphere, are so sudden, and so minute, 
and so local, that although the most popular and 
most interesting form of practical science, as affect- 
ing all agricultural processes and the health and 
comfort of mankind, yet, from the rude observa- 
tion of ''silly shepherds" to the recondite researches 
of Humboldt, from all the collected observations 
and experiments of all ages, no certain law by 
which the expected weather can be predicted, has 
yet been arrived at. The barometer is sometimes 
a guide, but often a very uncertain one to the atmo- 
spheric chc^nges, because its fall is occasioned by the 
descent of electric agency, as the air thickens and 
becomes impregnated with electro-magnetic matter, 
the result of the ever-acting mutability in the rela- 
tion of atmospheric particles — as the superimpend- 
ing air above any locality of the earth becomes 
thus impregnated, its tendency is, from the electric 
affinity or magnetic force of the earth, to descend 
towards it. In doing so, it alters the relation be- 
tween the fountain of mercury and that which is 
in the tube; it causes a depression in the foun- 
tain by its attractive influence drawing the mercury 
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in it towards the earth's magnetic mass, and so 
lowering that in the tube as it sinks into the foun- 
tain to fill the depression ; and on the dispersion 
of this descending electro-magnetism the tension 
on the mercury is withdrawn, and it again re- 
mounts in the tube. The inaccuracy or subtilty 
of these changes, which prevents this rise and fall 
from being an accurate predictiye gauge, arises 
from that constant mutability of electric action 
which is essential to our atmosphere, and alao to 
all the accidents of peculiar situations. 

In barometrical measurements of heights this 
subtilty of motion, and these local accidents^ make 
it, at least in the present state of experimental 
science, a very inefficient method of measurement. 
Boiling-water, though apparently a ruder, is, in 
fact, a more accurate process, for it really depends 
on the pressure of the atmosphere; bat in the 
barometer the fall of the mercury and difference 
between its height at the top from what it was at 
the bottom of a mountain, or of a high building, 
do not depend on the superincumbent atmo- 
sphere, but upon magnetic attraction. The mass- 
ing together any quantity of terrestrial substance 
produces a more or less increase of magnetic 
attraction, which increases as by ascending the 
height the greater mass of attraction is left below ; 
so that at the depression of the mercury in a bare- 
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meter at the top of a church steeple^ its fall from 
the height it showed at the bottom, arises from 
the direct drawing downwards of the mercury by 
the increased magnetic mass to whose influence 
it is subject, and if ascertained by repeated experi- 
ments would give a tolerably accurate result. But 
in the ascent of a lofty mountain, the mercury is 
subject to attraction and depression, lapsing and 
increasing, to rise or fall at every step, from electro- 
mag^etic influence of clouds and meteorologic 
changes, and from variations in the local sites of 
magnetic substance in the nature of the rocks, the 
strata, and all the differences of geological varieties, 
besides the actual direct attraction of the moun- 
tain mass ; so that, when at the top, the height of 
the mercury in the tube, or its diflerence from 
what it was at the bottom of the mountain, is no 
criterion of that mountain's height ; for though, 
from the increased rarity of the atmosphere, it 
would be probable that the mercury would be 
higher than at the bottom of the mountain, it is 
usually found to be lower, because though to the 
feelings the air is light because it is exhausted 
in its lower strata of its depressing magnetism ; 
and in the same way the mercury in the barometer 
is high in the plains on a clear frosty day^ although 
we And ourselves and all about us in a highly 
electrical state ; because, instead of being collected 
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in an attracting mass, drawing the mercury down- 
ward, the electricity is dispersed through the air 
and cleared of its magnetic downward tendencies. 
The tides, then, are caused by the magnetic 
attraction of the shores towards which the 

WAVES ARE drawn; THE FLOW UPON ONE SHORE 

leaving the ebb upon another — and the turn, 
or cessation, of the flow occurring when the 
magnetic force of the earth's mass beneath 
the ocean, or that of an opposite continent 
or shore, overcomes the magnetic attraction 
of that land which is drawing towards it the 
mass of the sea in a tide. 
The rise and fall of the barometer are 

CAUSED BY AUGMENTED MAGNETISM OF EARTH'S 
ATMOSPHERE, WHICH, INDUCING THE DESCENT OF 
THIS ATMOSPHERE IN ITS ATTRACTION TOWARDS THE 
MAGNETIC MASS OF THE EARTH, THIS DESCENDING 
ATMOSPHERE DRAWS DOWN WITH IT THE MERCURY 
IN THE BAROMETER — AS DOES THE MAGNETIC MASS 
OF A MOUNTAIN WHEN A BAROMETER IS CARRIED 
TO THE TOP, AND ITS HEIGHT THERE COMPARED 
TO WHAT IT WAS AT THE BOTTOM, — XT SHOWS NOT 
THE DECREASED PRESSURE OF THE ATMOSPHERE, 
BUT THE INCREASED MAGNETISM OF THE MOUN- 
TAIN. 
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Dion. How beautifdl are Humboldt's allu^ons 
to his personal acquaintance with the countries of 
which he speaks — the very slightness of them 
gives a truth and verisimilitude to what he sajs. 

Alastor. Yes ; they have the sort of charm which 
the same kind of individuality gives to Sir Walter 
Raleigh's *^ History of the World," where, in the 
midst of a dry relation taken from the dim chronicles 
of the past, and all about the grey shadowy forms 
of antiquity, we have suddenly the present living 
form of the writer, now, as to us, as dim and grey 
as those he wrote about ; but how personal, indivi- 
dual, and real does it sound— «s if lie spoke to 
us : — " I have produced these authorities in part 
to justifie mine owne relation of these Amazons, 
because that which was deUvered me for truth by 
an ancient Cacique of Guiana — how, upon the river 
Fapamena (since the Spanish discoveries called 
Amazons), that these women still live and govern." 
How vividly he brings himself, in his morion and 
corslet, speaking to the ancient Cacique in his 
chaplet of feathers, and how instantly it brings us 
back, with a single word, to the possibility of a 
time before South America and the Amazons were 
familiar as Syria or the Euphrates — to the time 
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when the New World was still new, and when men 
doubted whether there was such a world; and 
when tales of men whose heads beneath their 

• 

shoulders grew had to be gravely refuted. And, 
again, how all the chivalry of France starts up 
before us when he says — as ** I saw in the third 
civill war of France."* Katherine of Medicis and 
the haughty house of Guise, and all the *' thou- 
sand heavy times" of those long contentions, seem 
real, when the man who speaks to you says he saw 
the third civill war of France. 

Dion. There is a sort of differential parallel 
between these two great men, Ealeigh and Hum- 
boldt : — their genius, their far-off travels, the dif- 
ference of the age and country to which they 
belong; while each has attempted a "Cosmos;" 
Sir Walter's unfinished historic collection of events 
— ^Von Humboldt's completed circle of scientific 
knowledge; the romantic minds of each — each 
breaking forth unexpected in the dry details of 
wars or of inventions. 

Dion, How beautiful is this passage in " Cosmos," 
when speaking of aerolites, asteroids, and meteoric 
phenomena : — Our intercoursef with all other 
cosmical bodies, with all Nature beyond the limits 
of our own atmosphere, is exclusively either 

♦ Raleigh's « History of the World,* folio, pp. 164, 165. 
t Hamboldt's " Cosmos," vol. I page 126. 
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through the medium of light, and of radiant heat 
intimately united with light, or through the mys- 
terious force of attraction exerted by remote 

• 

bodies, according to the measure of their distance 
and their mass, on our globe, its ocean, and its 
atmosphere. But if in shooting stars and meteoric 
stones we recognise planetary asteroids, we are 
enabled, by their fall, to enter into a wholly 
different and more properly material relationship 
with cosmical objects. Here we no longer con- 
sider bodies acting upon us exclusively from a 
distance, by exciting undulatory vibrations of light 
or heat, or by causing, or themselves undergoing, 
motion by the influence of gravitation ; but we 
have actually present the material particles them- 
selves, which have come to us from the regions of 
space — have descended .through our atmosphere, 
and remain upon the earth. A meteoric stone 
affords us the only possible contact with a sub- 
stance foreign to our planet. Accustomed to know 
nontelluric bodies solely by measurement, by cal- 
culation, and by the inferences of our reason, it is 
with a kind of astonishment that we touch, weigh, 
and analyze a substance appertaining to the world 
without; the imagination is stimulated, and the 
intellect aroused and animated, by a spectacle, in 
which the uncultivated mind sees only a train of 
fading sparks in the clear sky, and apprehends in 
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the black stone which falls from the thundering 
cloud, only the rude product of some wild force of 
Nature." 

Alastor. Beautiful and romantic, but not phi- 
losophically or accurately reasoned. Humboldt 
tells us that his theory of aerolites is, that they are 
dropped upon our earth from some of the meteoric 
streams, " consisting of myriads of small cosmical 
bodies which intersect the orbit of the earth." 
They are, he says, all of an unmistakable character, 
though very various in the proportions of their com- 
bined materials. These materials, being all of the 
nature of the materials of our own planet, should not 
be, he says, any reason why they should not belong 
to another planet, or to other masses of matter 
moving in space ; none of these exhibit " any 
flattening from the effect of the fall"* — ^by which 
sentence he shows that he thinks it possible a body 
might fallfrom these unpenetrated regions of space,t 
and come in contact with the earth, without " any 
flattening from the effects of the fall." Could they 
come with "the enormous planetary velocity of 
meteoric stones,"} and, meeting the surface of our 
earth, escape being shattered to pieces ? Even a 
cannon-ball, projected frpm and returning to the 
earth, buries itself in the ground. How, then, 

* " Cosmos/' p. 26. f Des profondeurs de I'espace. La Place. 

\ " Cosmos,"' p. 26, note. 
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could these masses of metallic matter fall ^ith 
" enormous velocity," and settle quietly on the 
plains of Siberia, or the banks of the Orinoco ? 
Falling from the profound of space, with the acce- 
lerated velocity of their descent, and meeting the 
solid mass of this earth in their progress, there 
they stop, receive no injury, and make no im- 
pression on the ground where they fall, although 
he tells us they did, at sundry times, kill some 
monks : that is to say, a body of " seven feet in 
length"* (he does not tell us the thickness or 
weight), falling from regions beyond the earth, had 
the force of a pistol bullet half an inch in diameter — 
which will do as much for a monk, or any other 
man, at twenty paces distant. Humboldt argues 
against the possibility of these meteoric stones 
proceeding from volcanoes in the moon, but without 
perceiving the impossibility of any such masses of 
matter arriving upon this earth, without being 
either shattered to pieces by the contact, or being 
buried in the depths of the ground. He says, in 
speaking of the calculations on this theory of their 
lunar origin, — " This Oalistic problemf occupied 
for ten or twelve years the attention of the geo- 
meters, Laplace, Biot, Brandes, and Foisson. 
The then prevailing, but since abandoned opinion, 
of the existence of active volcanoes in the moon, 

♦ " Cosmos," p.- 109. t I*>Jd' P* 26, note. 
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"where air and water are absent, caused the public to 
confound two things extremely different, viz., a ma- 
thematical possibility and a physical probability."^ 

Can that be physically improbable which is 
mathematically possible ? Is not it making the 
one science false ? It is, in fact, acknowledging 
the futility of mathematical demonstration, or 
analytic systems, in proof of physical operations. 
Here are given by Humboldt the different rates at 
which the supposed erupted masses from the moon 
were projected towards the earth ; but the impos- 
sibility of such masses falling at this rate, without 
being, at their concussion with the earth, shivered 
to atoms, or buried beyond all human ken, seems 
not to have occurred to him« 

Humboldt truly observes, (" Cosmos," i. p. 122,) 
that '' even in the field of what must necessarily 
be conjecture, its course must not be arbitrary, or 
irrespective of conjecture." And as, justly, he rea- 
sons that the other planets may be composed like 
the Earth, why should not the polar regions of 
Mars be splendid domes of ice and snow ? and why 
should not Mars, Mercury, or Venus, or the Sun, 
be surrounded by floating or revolving masses, 
mineral combinations of crystals of olivine or labra- 
dorite, or of nickel and of iron ? There is no proof 
either that there are, or that there are not, these 

• « Cosmos," note p. 2J>. 
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floating masses of mineral aggregates : but if, as 
Humboldt argues, there are these floating masses, 
they are, according to the theory of gravity, sup- 
ported in space by the attraction of gravitation — 
this attraction being sufficient to maintain the whole 
mass, but not sufficient to prevent a small portion 
of it from being withdrawn by the sudden super- 
seding attraction towards the Earth. Whence this 
sudden descent ? But these falling masses may 
not, according to Humboldt, be now — ^immediately 
preceding their fall — detached from a larger mass; 
they may be, in these small portions, whirling along 
in the train of other small or large mineral con- 
glomerations, when the force of retaining gravity 
is suddenly, and for them only, interrupted, and 
down they come. 

Dion. This theory is obviously irreconcilable 
with that of gravity. 

Alastob. Yet Humboldt quotes from the Greek 
philosophers their system, of these falling meteoric 
stones being falling celestial bodies, which are de- 
tached in consequence of an interruption in the 
general rotatory motion : he quotes this as more 
nearly allied than any other theory to that which 
he maintains. But this theory of the Greek philo- 
sophers, though consistent for them, is incompa- 
tible with that of gravitation. For in the attraction 
of gravitation we always come to the same diffi- 
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culty — why should the same power retain in, and 
attract from, an orbit ? Why should this sustain- 
ing power, by which, according to the theory, the 
whole universe subsists in its course — why should 
it be interrupted, for a little lump of nickel and 
iron to come to our earth, without a general inter- 
ruption of the whole system ? Or, if one of these 
portions strike against another, and is knocked 
out of its place, what occasions this concussion ? 
How do these supported bodies become thus hur- 
ried in their course— or, if always hurrying, how 
have they been prevented from dashing each other 
to pieces, or from falling in inextricable confusion 
among all the other heavenly bodies ? 

Dion. In fact, Humboldt gives no distinct theory, 
accounting for these so-called meteoric stones reach- 
ing this earth. I have looked in vain through 
the text and the notes of these eloquent passages 
in " Cosmos," but there is no definite law or theory 
about them. 

Alastob. He considers as improbable ("Cosmos," 
i. note, p. xxvii) the theory of these aerolites being 
the result of certain gases, as Fusinieri supposed, 
which held in solution these metallic substances 
in the upper strata of the air, " and which suddenly 
aggregate from a state of extreme dispersion." This 
is a vague statement. What is extreme dispersion? 
And what causes sadden aggregation ? But though 

f2 
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inconclusively and vaguely expressed, this gaseous 
theory is less contradictory than that of interrupted 
gravitation; and by keeping their origin in our 
own atmosphere, it avoids the insuperable difficul- 
ties of " the enormous planetary velocity of meteoric 
stones," ("Cosmos," i. p. xxvi. note) suddenly de- 
scending on earth, unshattered, and unburied in 
earth's surface, and the confusion of contradictory 
gravities, and the unaccountableness of suddenly- 
interrupted universal laws of revolution. Fusinieris 
theory avoids these, but goes unnecessarily to che- 
mical, instead of electric combinations. According 
to the electric theory, there is no need to go to 
distant worlds, or to bring from other planets these 
aerolites, or to compose them, by vague processes 
of unaccountable combination, from the indefinite 
chemistry of gases. 

Dion. You do not, however, deny the existence 
of these metallic masses called aerolites ? 

Alastor. No one could attempt to deny, what 
all may see — ^blocks, or pieces of iron, or nickel, 
with an "adust" outside, which exhibits traces of the 
action of fire, and which are, though with varieties, 
all of the same composition — some of which have 
been known to be of recent appearance, and some 
of which belong to the earliest traditions of our 
world. Some are discovered in the longest-civihzed 
and mosc cultivated portions of the globe — some in 
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the wildest and most inaccessible regions: they 
have been in all times the subject of wondering 
conjecture ; they have been attributed to the anger 
or to the favour of deities, and swords and images 
and altars have been formed of them, and trusted 
to and worshipped as of divine power and of di- 
vine original. They are composed of nickel and 
iron, cobalt, manganese, chrome, copper, arsenic, 
tin, potash, soda, sulphur, phosphorus, and carbon, 
and olivine and augite crystals. What are these 
substances? They are found in the substance 
of our planet, the earth ; but what is their 
composition or their origin? ''All the planets, 
and all the spheroidal masses which revolve 
around the sun, we may permit ourselves to 
surmise," says Humboldt (" Cosmos," i. p. 122), 
'' have been formed by the gradual condensation 
of gaseous matter, separated from the once more 
extended solar atmosphere." Why he should be 
satisfied to refer the origin of the whole planetary 
system to '' gaseous matter," and object to al- 
low it to be the origin of aerolites, does not ap- 
pear. But I reject both hypotheses. Gaseous 
matter is a vague term, and the sudden combination 
of this gaseous matter is equally vague, while 
electric results are in their nature sudden ; and as 
our atmosphere is, to demonstration, electnc in its 
very essence, it is making unnecessary difficulties 
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to go to any other source for these aerolites. They 
are composed of nickel and of iron. What, I re- 
peat, are these substances ? Are not they them- 
selves the result of electro-magnetic origin ? What 
caused the atmosphere to be electric is beyond our 
conception ; what originated the ever-recurring 
changes of our atmosphere, and of all our meteoro- 
logical phenomena, we know not; but we do know 
that we have these phenomena, and from the 
KNOWN we derive securely, especially as these 
aerolites are generally, by tradition and by contem- 
poraneous observation, referred to the appearance 
of a thunder-storm with lightning, or the descent 
of what is called a fire-ball. Humboldt carefully 
notes popular and legendary tales on meteorological 
phenomena, as traces, at least, that such pheno- 
mena have been ; and the common expression of 
the '' fall of a thunderbolt," or the classical legend 
of '' the image that fell down from Jupiter," alike 
refer these meteoric stones to electric agency. 
Nickel and iron are found in what we call the 
earth: that is, substances which we name metals 
are found along with other substances which we 
name earths : these metals have been formed, I 
argue, by electric agency, and what we now call 
aerolites are thus formed — ^not falling from vol- 
canoes in the moon, nor dropped in the concussion 
of other planets, nor falling out of an imaginary 
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ring of fiery gaseous matter — ^which are supposed to 
be sustained in their course by an agency which is 
suspended without cause, and removed without in- 
jury to this supposed sustained course — not be- 
longing to any other world, but the result of those 
electric changes in our own atmosphere, which 
belong to our own observation of our own planet. 
That such metals are actually formed in the air by 
electric combinations seems most probable, from 
the mass of evidence which speaks of these aerolites 
as falling on the earth. But it would be more con- 
sistent with other facts, and more consonant to 
other processes of nature, to suppose that these 
masses of nickel, and iron, and olivine, were the re- 
sult of the contact of electro-magnetism with the 
earthy or other substances of the globe. How, or 
why, these streams or darts of electricity descend 
to the surface of the globe is, as yet, incomprehen- 
sible ; but in the contact of one of these flashes or 
balls of electric light and heat, I consider that an 
instantaneous galvanic ot electro-magnetic action 
takes place, and the instantaneous transformation 
of clay into metal is effected. The mines, or strata, 
or particles of iron or nickel, discovered below the 
crust or surface of our globe, I refer to a similar 
and previous interior agency ; but we now consider 
only the outward atmospheric effect of electricity — 
that the mere action of this electricity in the air. 
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in the atmosphere which surrounds us^ and which 
appears to be of so rarefied and unmaterial a con- 
sistency, seems difficult to be reconciled to our 
knowledge of combination. 

Dion. Butwithyourelectric theory,! should have 
thought thatHumboldt's gyrating masses of gaseous 
matter would have exactly agreed. I should have 
thought that you would have struck off from them, 
by electricity, the meteoric stones, and so avoided 
the difficulty of what you quoted just now of sudden 
chemical action. 

Alastob. I do not adopt these floating gaso- 
meters, because I do not understand what is meant 
by them. And chemistry being one of the exact 
sciences, I do not find it stated anywhere by 
Humboldt himself, or by any of the authorities 
which he quotes, whether in chemical they include 
electric or galvanic action ? Nor, in my acquaint* 
ance with gases, am I aware of their containing 
matter — earthy or metallic materials — that would 
combine by chemical or electric power into the 
bodies which we call aerolites. And even if I 
allowed that these aerolites were producible and 
produced in these gaseous revolvers — they revolve, 
according to Humboldt, round the sun in space, 
and at that distance from which their descent would 
be subject to the same unconquerable difficulties, 
whether produced by electric or by chemical action. 
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Or by the accidental falling away of particles or 
masses : that is, according to the theory of gravita- 
tion, the sudden and unaccounted-for interruption 
of the sustaining force, to permit the fall of one 
body towards the earth, while all the other parts 
of this gaseous body remain suspended by their 
attraction to the sun. 

Dion. That would be merely changing the word 
chemical for electric. I mean, that you should 
adopt the gasometer into your own electro-mag- 
netic theory of gyration, and make the fall of 
the aerolites strictly meteoric, the result of the 
constantly- working electric action — reconciling too, 
thereby, your theory with Humboldt's, of the pro- 
duction of the heavenly bodies from this gaseous 
mass, and allowing it to be, as he does, the scat- 
tered remains of what has been heretofore aggre- 
gated into what we now behold as heavenly bodies. 

ALiiSTOB. In that case you must cease to use the 
word gaseous ; or we must agree that, by gaseous, 
we are to mean earthy-metallic, or, according to 
the cosmical phraseology, telluric matter. It is, in 
fact, only moving the creative power one step — ^it 
is saying, that space was filled with floating gaseous 
telluric matter, and that — attraction of gravitation, 
slowly condensing, or electro-magnetic action sud- 
denly combining — this space-suspended telluric 
gas became the planetary system, leaving the dross, 

Fd 
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which gravitates, or magnetically rotates across the 
earth's orbit round the sun. This is — either ac- 
cording to the attraction of gravity, or, as you would 
reconcile it, with electro-magnetism — the theory 
which Humboldt supposes for the past and present 
of the universe, and from which he deduces his 
explanation of the aerolites. 

Dion. Of the aerolites, and so-called falling stars. 

Alastor. Let us deal only with aerolites at pre- 
sent ; and let us understand by gaseous or vapoury 
masses — or " nebulsB" " in different stages of deve- 
lopment," " more or less condensed towaxds their 
centres" — telluric matter, which "is becoming, or 
about to be," "a new condition of matter." ("Cos- 
mos," i. p.75.) And&om this suspended telluric mass 
Humboldt supposes the aerolites descend ; and you 
would reconcile the electro-magnetic theory with 
his, by supposing that these aerolites are separated, 
condensed, and projected to earthy by electric ac- 
tion. But this does not account for the appearance 
of these meteoric stones : there is still the insur- 
mountable difficulty of these masses, whatever is 
their magnitude, meeting the surface of this globe 
unshattered or unburied. Humboldt gives, as evi- 
dence to be relied upon, that in the course of all 
the centuries through which we hear of these 
meteoric masses being on earth — that during that 
time, only four can be found to have injured human 
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beings ; '' although, according to Schrideus, it is 
probable that 700 falls of aerolites now take place 
each year." ("Cosmos," i. p. 31.) In all this time, 
and this quantity, only one friar in 1511, and 
one monk in 1650, and two sailors in 1674, have 
been killed. But we are not told what became of 
the meteoric stones in either case ; and in that of 
the "two Swedish sailors on board a ship" we 
should have been informed what became of this 
murderous stone — did it knock them on the head 
and rebound into the sea ? were there two stones — 
one for each sailor — or were both killed by the 
same ? and did it, or did the two stones, having des* 
cended through space with their "enormous plane- 
tary velocity," only kill two sailors — settle quietly 
on the deck of the vessel, without, as might have 
been expected, crashing right through deck and 
all, and destroying the vessel, in its course ? I have 
drawn out this tradition or record ad absurdum, 
only to show the vague uncertainty of such evi- 
dence ; and as the theory of the fall of aerolites 
depends on such evidence, I put it away altogether, 
and going from the fact, which all may see— and 
which is incontestable and distinct — that there are 
found, in various parts of this globe, masses of 
nickel, iron, and olivine, &c., which masses are not 
part of the earth, but are discovered on its surface. 
They have been supposed to come from the moon : 
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this theory has been abandoned, and we need not 
go over it : I have shown the impossibility of such 
masses descending on our earth undestroyed or 
unburied, and I refer them to the action of elec- 
tricity on the earth itself: I refer them to the 
descent, not of a mass of metallic matter, but of 
electricity in action — a flash, as we call it, of light- 
ning, or a fire-ball, or a thunderbolt — the combi- 
nation of our ever-changing atmosphere in sudden 
electric force, descending on a spot upon the 
surface of the globe, and, uniting with the earthy 
matter it there encounters, forming the mass which 
we call aerolites, or meteoric stones. The air, or 
atmosphere, which is between us and what we call 
the sky, or blue vault of heaven — this atmosphere 
is always changing — now cloudy, now clear; now 
condensed in falling rain, now congealed in hail 
or snow ; now filUng, as it were, all space with pal- 
pable obscure, in mist or fog, now bursting forth 
in hurricanes, the viewless sublimity of wind, or in 
all the audible and visible majesty of thunder and 
lightning — 

Sunt tempestates et fulnuna dara oanenda — 

are the very conditions of what we name the ele- 
ments. One of these electric phenomena, the 
descent of lightning on some combination of earthy 
matter — clay or rock, or whatever we may term 
it — forces this matter at once into a new combina- 
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tion ; and the iron or the nickel which we find in 
the interior of the globe have been thus formed 
by the former action of electric combination. 

Dion. Why should not these metals have been 
created at once as they are, as well as the matter 
from which they are, as you say, made into their 
present state ? 

Alastob. Because we find these aerolites, or 
formations of nickel, oliyine, iron, &c., as recent 
formations on the surfiEice of our world. I there- 
fore consider all these as composites, by electric 
action on previously-existing matter. If, accord- 
ing to the floating gaseous theory, a mass of iron 
or nickel was formed in the air of what is under- 
stood by gas — ^that is, without the presence of any 
solid material — and if by chemical or galvanic 
action the solid matter of these meteoric stones 
was formed, it would not be combination — it would 
be PRODUCTION. Between a flash of lightning 
acting upon gas in the air, or descending upon and 
acting on earthy matter, there seems but a little difier- 
ence ; but it is all the difierence between what we can 
comprehend — that is, combination of matter result- 
ing into difierent compositions — and that which is 
incomprehensible, the creation of actual matter; 
the difference between '' a new condition of matter 
already existing/' and " the act of creation itseliV 
the original calling forth of existence out of non- 
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existence, of which we have no experience^ nor can 
we form a conception of it." (" Cosmos," i. p. 76.) 
Even if there was in our atmosphere gaseous 
solution of material particles, which, by electric 
combination, resolved into meteoric masses of 
metal or crystal, I have proved that they could 
not have touched our planet undestroyed ; and I 
therefore conclude that aerolites, or meteoric 

STONES, ARE FORMED ON THE SURFACE OF OUR 
PLANET, BY THE ACTION OF ELECTRICITY IN OUR 
ATMOSPHERE, IN THE FORM OF WHAT WE CALL 
LIGHTNING OR FIREBALLS, DESCENDING UPON AND 
COMBINING WITH EARTHY MATTER, CLAY, OR ROCX, 
AND RESULTING IN THESE MASSES TERMED AERO- 
LITES, which have hitherto been supposed to have 
reached our planet as they are now found, but 
which have always been, by universal tradition 
and philosophic speculation, attributed to meteoric 
and electric phenomena : I only change the locus 
of their formation. 



VII. 

Dion. It is inconsistent, as you say, of Humboldt, 
to attribute the origin of the planets to gaseous 
combinations, and deny it to aerolites ; nor do I 
see why he should consider as so very improbable 
Ampere's hypothesis, of the earth's heat resulting 
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from the long-continued chemical action of earths 
and alkalies on an oxydised external crust. 

Alastor. Ampere's own words are — " On ne 
pent douter qu il existe dans rinterieor da globe 
descourants electro-magn^tique, et que ces courants 
sont les causes de la chaleur qui lui est propre" — 
("Th6orie des Phenomdnes Electro-dynamique/* 
p. 99) — words which I quote with satisfaction, as 
supporting my own electro-magnetio-dynamic theory 
of the universe, and especially that of earthquakes 
and volcanic eruptions. Humboldt's supposition of 
the more recent cooling of the earth, and the whole 
system of the Vulcanists, of an in terrestrial region of 
fire, is subject to many difficulties which the electric 
theory removes. I consider the interior of the 
earth, and that of the sun and all the planets, to be 
of the nature of what we call a Galvanic battery. 
The success that has attended all the experiments 
tried by this powerful agency has put us in pos- 
session of a degree of acquaintance with an agency 
in the phenomena of the universe, which should 
simplify and sublime all our conceptions of its past 
and present workings. The original touch of life — 
the creative — is inscrutable; we can only reason 
upon what we see or hear, or have had reported, 
and we can only refer these phenomena to agencies 
which we can comprehend. 

Earthquakes are the most remarkable of the 
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phenomena with which we axe acquainted. They 
are not merely reported or recorded — they record 
themselves; they are not only placed among the 
remarkable events in all the chronicles of Boman 
history^ but written in unmistakable charac- 
ters on the very globe itself: the fairest cities, 
towns, and temples— the pride of man's supremest 
art — he buried in a moment, and Nature's 
noblest and most steadfast-seeming works, the 
mightiest mountains, are riven asunder, or laid 
even with the plain. These sudden and stupendous 
occurrences are referred by Humboldt, and many 
other theorists, to a nucleus of fire in the interior 
of the earth, which he connects with electro-mag- 
netic currents, but only connects; he does not 
refer to electro-magnetism as tbe actual cause of 
these events. '^If, on the one hand, the internal 
heat of our planet may be connected with the 
excitement of electro-magnetic currents, and the 
evolution of terrestrial light accompanying a 
magnetic storm, it is also a principal source of 
geological phenomena." (" Cosmos," i. p. 189.) 

" It shows the relations which subsist between 
the ejection of various substances, on the one hand, 
and earthquakes and elevations on the other. It 
classes together groups of phenomena, which 
appear at the first glance very heterogeneous, as 
thermal springs, exhalations of carbonic acid gas 
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and sulphureous vapour, harmless eruptions of 
mud, and the devastating phenomena of active 
volcanoes." — p. 190. 

Dion. I do not know why he should speak of 
all these phenomena as heterogeneous ; they seem 
all very naturally resulting from one cause. 

Alastor. Yes, and that an internal and constant 
electro-magnetic action; an action which, while 
maintaining by its magnetic chords the rotation of 
the whole earth, and causing the descent and sta- 
bility of all bodies towards and on its surface, is 
constantly internally at work ; and as its electric 
force increases, it bursts the earthy crust above it, 
and by this safety-valve, as Humboldt calls it, lets 
off the constantly-forming and superfluous electric 
matter. Earthquakes, which residt from the efforts 
of this internal electric action, are only ineffectual 
volcanoes. In an earthquake, the electric action, 
instead of running directly upwards through the 
solid materials above it, takes a lateral direction, 
and, meeting resistance which its force is not at 
the time equal to overcome, it results in the move- 
ment of the superincumbent mass, which ends, 
according to the force of the electric agency, 
in a rift of the surface, or an upheavement of 
masses, or displacing of strata and overthrow of 
cities, and the wreck of nature's fairest forms; 
while, in volcanoes, the electric action is more 
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powerful — it is upward-lightning, resulting from 
the inward terrestrial, instead of the outward atmo- 
spheric electric action, and instead of descending 
upon, it bursts through the surface of our world, 
fusing, melting, burning throu^ all that it meets 
in this its upward course, and pouring forth, as it 
finally emerges, all that it has driven before it, 
which appears upon the surface as lava, mud, or 
boiling springs, or innocuous vapour, as the elec- 
tric action is more or less violent, or according to 
the materials it has encountered in its passage ; 
while the continuance of these effects of lava- 
streams, or boiling geisers, depends also on the 
material upon which the electric action has to work, 
or the depth below the surface where its action 
commences: ** On ne peutdouter," says Ampere, 
(**Th6orie des Phenom^nes Electro-dynamiques," 
p. 99,) ** quil existe dans Tint^rieur du globe des 
caurants electro-magn6tiques, et que oes courants 
sont les causes de la chaleur qui lui est propre." 
The word currents, I change to interior and 

CONSTANT ACTION. 

Dion. Why should you refer all the internal 
warmth of our planet, and all its volcanic effects, to 
electric action only ? Why should not there be also 
internal fire ? As Humboldt says, ** the ceaseless 
action of electro-magnetism and subterranean heat," 
("Cosmos," i. p. 163), why should not both be 
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referred to as the causes of past and present geo- 
logical or cosmical phenomena ? 

Alastor. I consider the heat, the constant heat, 
of the earth to be, as Ampdre does, the result of 
electro-magnetic action ; and not only the regular 
warmth which we discover as far as we have been 

» 

able to penetrate, but as also the cause of the 
flames and streams of volcanoes. The presence of 
a continual fire in the centre of the earth is liable 
to the invincible difiioulty of want of material to 
feed upon — the impossibility of the supply being 
equal to the demand. Fire on the surface of the 
earth bums only as long as it has air and material 
to consume ; it cannot, then, exist where there is, 
by the terms of the proposition, no air, and where, by 
the very nature of what we call fire, it must have 
devoured all that could feed its activity. 

Humboldt supposes that the earth is now 
still cooling from its original state of heat, with 
depths in which "the materials of which our 
rocks are composed, exist either in a softened, 
though still tenacious state, or in complete 
fusion." These rocks are not the food of fire, 
they are the subjects of its action, and, accord- 
ingly, Humboldt's theory is not of a fire con- 
stantly burning, but of a molten mass, forming the 
nucleus or centre of the earth, and which remains 
unconsolidated, while the outside or upper part of 
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our planet has been cooled and aggregated into its 
present solid nature by centrifugal force. " We 
have considered the compression or ellipticity'* (in 
the figure of the earth) '' as a consequence of the 
centrifugal force acting on a rotating mass, and as 
evidencing the earlier condition of fluidity in our 
planet. In the course of the soUdification of this 
fluid — which some have been inclined to assume to 
have been originally gaseous, and heated to a very 
high degree of temperature — an enormous quantity 
of latent heat would have been disengaged; and 
supposing, with Fourier, the process of consolida- 
tion to have commenced by radiation into space 
from the cooUng surface, the particles nearer to 
the centre of the earth would have continued fluid 
and incandescent. After long transmission of heat 
from the centre towards the surface, a stable con- 
dition of the temperature would have been esta- 
blished." (" Cosmos," i. 161.) 

" Stable condition of temperature !" Why should 
the temperature continue stable? Why should 
it become stable, when the mass of molten matter 
is still in the earth's centre ? Why does this mass 
now continue to retain its heat at the same undi- 
minishing temperature ? Is not the centrifugal 
force still in action ? '* the length of a day, during 
an interval of two thousand years, has not dimi- 
nished the one-hundredth part of a second/' nor 
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*' the mean temperature of the earth altered during 
that period so much as 1- 300th of a degree of 
Fahrenheit's thermometer." (" Cosmos," i. 166.) 
The reason of this invariability is not explained. 
He says the heat of the globe arises from the heat of 
the sun penetrating downwards, or creeping along 
the interior of the crust from the equatorial to the 
polar regions, and from ''the. secular cooUng of 
the terrestrial globe, in the escape of the very small 
quantity of the primitive heat of the planet which is 
now given out from its surface.** " Cosmos/* i. 164. 

Yet it is to this internal molten mass that Hum- 
boldt attributes our earthquakes and volcanoes: 
''If we could obtain daily intelligence of the 
condition of the whole surface of the earth, we 
should very probably arrive at the conviction, that 
this surface is almost always shaking at some one 
point, and that it is incessantly affected by the 
reaction of the interior against the exterior. The 
frequency and universality of a phenomenon which 
probably owes its origin to the high temperature 
of the interior and deep-seated molten strata, ex- 
plain its independence of the nature of the rocks 
in which it manifests itself."* 

This mass of heated matter which thus convulses 
the whole globe, and forces itself to upper air, in- 
dependent of the nature of the opposing rocks or 

♦ " Cosmos,'* i. p. 199. 
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strata through which it pierces/ has yet now no 
influence, he asserts, upon the temperature of the 
earth ; as far as we have penetrated, that remains 
the same ; and this mass continues in this state of 
fusion, producing the most violent phenomena, and 
yet undiminished and unincreased, — now, as he 
says, breaking the barriers of the mightiest super- 
incumbent rocks, and now, (''Cosmos," i. 208,) 
interrupted by " the formation of veins, i. e. the 
filling up of fissures with crystalline masses, issu- 
ing from the interior, gradually impedes the free 
escape of elastic fluids." 

Here we have the force of this internal molten 
mass so powerful in ''its accumulated energy" 
as to force through granitic rocks — to upheave 
whole continents, and shake and alter the levels of 
land and sea, while it, at another time, is stopped 
in its progress by the mere filling up of cracks or 
fissures in the surface of the earth ! 

This inconsistency is avoided by the electric 
theory ; because, while it accounts for the vast and 
general operations of earthquake and volcano, it 
does not interfere with the lesser and local effects 
of carbonic consumption observed in coal-mines, 
or the collections of vapours and gases from chemi- 
cal combinations in particular places, resulting in 
fetid waters, like those of Harrogate, or the slow 
formations of fossils or of stalactites, by the depo- 
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siting process of watery solutions. Avoiding the 
inconsistencies and impossibilities of an internal 
mass of fire, or of molten fiery matter, the electro- 
magnetic or galvanic action within the globe, while 
it maintains its rotation, accounts for the disturb- 
ances at its surface of earthquakes and volcanoes 
— '^phenomena not less energetic because invi- 
sible," as Humboldt says of electro-magnetism, 
C' Cosmos," i. 149,) although he does not allow to 
it all the power which my theory attributes to it. 

Halley supposed a hollow in the centre of the 
earth, where a magnetic nucleus perpetually re- 
volved : add to this nucleus, friction. Suppose it 
a magnetic mass, constantly kept in electric action 
by moving against the sides of the hollow in which 
it revolves — a ceaseless friction, producing a cease- 
less flow of electro-magnetic power, capable of 
ajfecting all the sequent and all the interrupted 
processes of our globe. This theory is only sub- 
ject to one objection, the actual mechanical wear 
of the friction — the impossibility of such a process 
as constant friction continuing, even as long as our 
traditionary records extend, without having worn 
away the outward surface of the revolving nucleus, 
and the inward surface of the hollow in which it 
revolved. And also, though this revolving nucleus 
might come to carry on the rotation of the globe, 
as a stone inside a cylinder rolls it down an 
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inclined plane, yet this movement would be com- 
plicated, and would involve us in endless difficult 
ties; and, as long as the two magnetic surfaces 
continued by their friction to produce electricity, 
there would be a continuous train of electric sparks 
or fire, which would have kept up a constant suc- 
cession of electric effects on all sides of the globe 
at once, producing earthquakes and volcanoes in 
all parts at the same time; and then, as the spheres 
wore away, all volcanic phenomena would cease, 
and the rate of the earth's rotation would per- 
ceptibly lessen — all which is contrary to expe- 
rience. 

Dion. I wonder that Humboldt should not have 
adopted this rotating, electrifying nucleus ; as, if 
he could have overlooked these impossibilities, it 
would have accounted better than his fused mass of 
molten matter for extinct volcanoes, and for the 
presence of carbonic formations, containing plants 
and animals now belonging to warmer latitudes 
than their geological locus. 

Alastor. Humboldt's having adopted the theory 
of gradual cooling, and a still existing mass of 
uncooled matter, blinded him to the simpler agency 
of electricity, to which he is inclined to attribute 
so much, and of whose power he has so just a 
sense, that it is, as you say, surprising he should 
have neglected the adaptation of its power as sus- 
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taining the aniverse, and as haying produced the 
upheavements of strata and volcanic disturbances 
of the past, and as still producing the interruption 
and phenomena which take place at present on 
our planet. 

The reciprocal action of the earth's internal heaty 
according to Humboldt — or, according to my theory 
of its electro-magnetism — with that of the atmo- 
sphere, resulting in the differences of what we call 
climate, soil, and vegetable and animal life, and 
varieties of season — this reciprocal action is so 
affected by local and peculiar circumstances, that 
the general efiect attributed to it by geologists is 
inadequate; and, to compensate for what is want- 
ing in force, they endeavour to makeup in time; 
and accordingly they are lavish of centuries, and 
count by thousands and millions of years, to 
produce, by these atmospheric and internal-heat 
actions, the vast effects which a single electric 
stream will produce in a moment. 

To produce these effects there is, according to 
the electro-magnetic theory, in the centre of our 
globe a combination of materials, whose action on 
each other is constantly sending forth electro- 
magnetic force, which, connected by conductors 
with the magnetic poles of the earth, maintain its 
constant rotatiom on its own axis. Were the 
connexion of these conductors to be broken, the 

a 
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effect of the galvanic action would cease at onde 
— the earth would be at rest, and constant day or 
constant night would be the portion of that side 
of the globe which at that moment stood opposite 
to the sun. 

Why this cessation never occurred — ^why all 
these worlds^ which we call the planetary system, 
should be thus moved and thus maintained, is as 
impenetrable a mystery as why they should ever 
have existed, or how they were created ; and we 
might, dismayed by the sublimity of this mystery, 
draw back in hopeless, helpless awe, and say. 
Almighty Power created these worlds and set them 
in motion, and we can no more tell how they move, 
than why they were created. 

But man was created too; and a part of his 
very creation— one of the very essentials of his 
being — is this why ? and how ? To submit 
in honest consciousness to our incapacity to 
comprehend the why, is the noblest expression of 
human dignity ; while the exertion of every power 
he possesses — mental, bodily, endowed, or acquired 
— is devoted to the discovery of the how. Undis^ 
mayed by the vast, undaunted by the complicated, 
the highest human intellect has struggled on, and 
struggles still, to comprehend the vast and to 
explain the complicated. We do not, hopeless 
and helpless, resign ourselves to the expression — 
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A power, a force, moves and maintains this planet 
earth, and the sun, and all the planets of our 
universe — we seek to define that force. None of 
the operations of distant planetary movements are 
more complicated than the structure, the conti- 
nuance, the succession of the human body: the 
why the original creation, and the necessary decay, 
and the inevitable end — that dread mystery of 
death — are inscrutable ; but the secondary action, 
that maintains what we call life, we penetrate and 
understand ; and we know that food supports, and 
that the blood circulates, and the internal machine 
is wound up from day to day, and continues to 
00 till all the parts are worn or stiffened or 
decayed, and bodily life, by slow decrepitude or 
sudden violence, stops at once, and this won- 
derful machine is left a- mass of matter revolting 
to behold, and soon to be resolved into the lowest 
elements of earthy things; and, while shocked 
humanity looks upon this ghastly change, it irre- 
sistibly believes that the intellect, the mind, the 
thoughts, the feelings — the soul, survives this bodily 

destruction. 

And, reasoning from our capability of under- 
standing and perceiving these secondary meand-^ 
this mechanism of joints and muscles and nerve?, 
this system of the heart, the blood, the veins, the 
digestion, and all the functions of animal life — we 

o 2 
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seek for secondary action as comprehensible to 
human capacity in the construction and the main- 
tenance of the planetary universe. 

Attraction of gravitation has been this main* 
taining power ; I substitute for this unmeaning 
expression of an undefined impulse, the simpler 
and definable force of magnetism, in which word I 
comprehend all that we call electro-magnetic, elec- 
tric, and galvanic action ; and from its central aggre- 
gation in our earth are the connecting conductors, 
the lines of conducting material, which extend 
from north to south, leaving between them only a 
space, which we term the axis of our globe, — a 
vague term, as it would, by analogy of human me- 
chanics, mean an actual central pole, on which the 
mass revolved, whereas we only understand it to 
be an electro-magnetic sustaining power, round 
which it occasions the rotation of the mass of which 
it is the centre. Whether this central source of 
ipagnetic action was thus placed at once at the 
creation of our globe, or whether it is the result of 
successive changes, is in the beyond of our human 
comprehension ; but we can try to understand 
whether the whole globe was originally a mass of 
clay — mere earthy matter, and, by continued mag* 
netic or electric action, separated, and combined 
into the di£ferent and now existing forms of water, 
rock, metallic and carbonic 43ubstance; or whether 
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these substances have now their final formation, 
and are now only capable of change in position, or 
separation in their masses. Are the granitic roots 
of the Himalayas and thQ Alps still susceptible of 
change from this central electric action ? are the 
unfathomed depths of ocean undergoing continued 
alteration ? are the beds of carbonic or metalUo 
formation, in which our deepest mines are but as 
scratches on their surface — are these still subject 
to mutability of nature or substance ? or were 
these formations original with the present form 
and present motion of our globe ? 

Dion. Yes or no? 

Alastor. Yes. I conceive that, from whatever 
cause or however occasioned, our globe, from the 
commencement of its present self-rotatory and sun- 
gyrating motions, did consist, as it now does, of 
earthy, rocky, and watery materials, within which 
exists the electro-magnetic combination, which 
we may name a galvanic battery; that is to say, 
the materials from which we produce electro-mag- 
netic action, and which are so combined, so 
balanced, or so modified, as not only .to act, but to 
reproduce. In upper earth, in animal and vegetable 
existence, there is this ceaseless production, sus- 
tenance, and reproduction — animal from animal : 
from animal to vegetable, from vegetable to 
vegetable, and from vegetable to animal again, and 
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so on, in what is and has been to us a circle of 
endless reproduction of the same — the varied same 
existences. 

Such power of endless production and repro- 
duction as we behold on the surface, I conceive to 
exist in the interior of our world. On the surface, 
we behold these changes and reproducings in 
organized matter — in the interior, we conceive 
them to subsist in mineral or earthy materials. By 
the friction of certain substances, we bring out what 
we term electric sparks : by the combination of 
certain materials, as copper, zinc, and acids, we 
effect what we call galvanic or electro-magnetic 
action — such combination extending through the 
centre of our sphere, and existing as long as the 
sphere itself has power, not only to keep up this 
constant action, but by that very action to repro- 
duce this productive force* We can, in our little 
imitative attempts, effect what are to us immense 
and marvellous changes in the combinations of all 
the materials on which these electro-magnetic bat- 
teries can be made to act. Such effects of such 
action, enlarged and continued on a scale and to 
an extent beyond our calculation, are sufficient to 
keep up the production and reproduction of electro- 
magnetic material in circling sequence, so as to 
continue the unvarying rotation of the whole 
globe, and to furnish throughout its whole mass» 
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to its surface, the magnetic influence which we call 
attraction, causing the descent of all bodies towards 
that surface, and producing the magnetic e£fect8 of 
the loadstone and the needle in their variable con> 
stancies ; while the resumption and reproduction 
of power in the interior are, with constant suc- 
cession of mutabilit]r» discharging those collec- 
tions of electric heat which force their way to 
upper air in the shape of melted rock, or lavafrom 
volcanoes, or in the fetid waters of so-called medi* 
cinal springs, or in boiling geysers, or in innocuous 
flames, or in the unseen but destructive throes of 
electrified matter, resulting in earthquakes, to the 
upheaving or overwhelming of whole regions. 
The particular localities in which these phenomena 
appear are inconsistent with the theory of an in- 
ternal molten mass of heat gradually cooling 
down : as there is in it no exciting cause for muta- 
bility of action, the only change of which we could 
become sensible would be, that of gradual cessation 
in all these eruptions — a change which has been 
thought to be supported by the basaltic remains in 
various parts of the globe, which were supposed 
to indicate the former presence of volcanic action 
to an extent that the cooler internal heat is now 
incapable of producing; but in this, as in other 
parts of the Plutonic theory, sufficient allowance 
was not made for local circumstances — ^for peculiar 
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formations or strata— -for in it^ as in all other 
theories, there is pre-supposed an original forma- 
tion of earthy matter to be worked upon, either 
flung from some original planet, or collected from 
some original mass of heated matter, and formed 
and cooled by centrifugal force — one of those 
vague, anomalous terms, unmeaning and irrational, 
which have been used, instead of considering this 
rotatory motion as the result of electric action — the 
cause at once and the maintenance of this centri- 
fugal force. This mass of molten matter, according 
to the Plutonic theory, being whirled into shape, it, 
in its whirling and its cooling, fell into the state 
which it at present exhibits to geologists and 
geographers. The continents, the oceans, the 
islands, the mountains, plains, and diversified 
strata, — all these suppose the existence of earthy 
matter cooled from without, heated from within, 
and subject to progressive alteration from atmo- 
spheric phenomena. 

Such pre-supposed existence of earthy matter is 
essential to all theories ; and in that of electro- 
magnetic action, without neglecting the universal 
influence of the surrounding atmosphere on the 
^surface, it attributes all these interior phases of 
structure in the globe to this electric action^ 
proceeding from the central combination of electric 
production^ and acting generally and locally on 
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the different forms of earthy matter which it 
encounters in its passage, and resulting in the me- 
tallic, crystalUfiCy carbonic, or basaltic form^ations 
now existing ; while the still active volcanoes con- 
tinue to display this electric action on the surface, 
because the original passage made by the electric 
rush, meeting originally with no resisting matter, has 
continued to force a free exit; and the interrupted, 
fitful recurrence of the eruptions, and the sudden 
appearance of new volcanoes, and the sensation of 
new earthquakes^ arises from the constantly-gene^ 
rating process of electric force, encountering in its 
upward passage more or less impediment, as the 
superimpending masses resist or yieldy or burst or 
fuse before its force. 



VIII. 

Dion, Facing yesterday evening in philosophic 
leisure down Christ Church walk, in all the still- 
ness of summer and vacation, I saw the most 
splendid falling star : it " glided from its stay " so 
gently, and pursued its path with such serene 
majesty, till it had disappeared in space ! 

Alastob. How sublime is such a sight, and how 

o 8 
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'' cribbed, confined, and cabined " appear all oar 
efforts at accounting for it^ in the presence of such 
majestic phenomena ! 

Dion. For which reason, I suppose, you shunned 
ailtogether the subject of falling stars, which Hum- 
boldt connects so closely with that of meteoric 
stones ? 

Alastor. I did not refer to them, because I do 
not connect the two phenomena with each other. 
Aerolites, you seemed to be convinced, are the 
results of the sudden descent of electric force from 
our atmosphere, acting upon encountering matter 
on the surface of our globe, and thus converting 
it into the metallic mass which we call aerolites, 
and which partake in different proportions, accord- 
ing to the nature of the encountering earthy mat- 
ter, of the same metallic substances as are found 
embedded in various parts of our globe, formed 
in those various parts from the upward force of 
the internal electric force, encountering, as does 
the downward current of the atmosphere, pre- 
existing matter, which, when electrically fused, 
results in iron or nickel, &c. &c. What the nature 
of these substances so encountered, which, for want 
of a better appellation, we call earthy — what they 
might be found to consist of on being subject to 
chemical analysis, may perhaps be yet discovered; 
. but this discovery by analysis is, in the nature of 
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the theory, almost impossible : the change is instan- 
taneous and complete in the case of isolated aero- 
lites, and in that of mines or strata the same change 

4 

has been so complete in such unapproachable 
distance of time, that every trace of the process 
has disappeared. 

Aerolites are, therefore, wholly unconnected 
with falling stars, whose mysterious majesty of 
appearance, singly, as you saw it last night, or in 
'' the brilliant phenomenon of meteoric showers," 
(** Cosmos," i. p. 125,) may well "move the 
thoughtftd mind to more than contemplation" — 
to ardent exertion to account for, or at least to 
arrive at some consistent theory for, these starry 
travellers in space, and for the more lasting but 
equally unaccountable phenomenon of comets. 

Comets have been observed since the earliest 
ages of which we possess any recorded knowledge, 
and yet '' their intimate nature, and the offices 
they perform in the economy of our system, are 
as much unknown as ever." (Herschel's " Astro- 
nomy," p. 300.) What they are, or whence they 
derive their brilliant light, has not yet been ascer- 
tained ; they " consist," says Sir John Herschel, 
'* for the most part, of a large and splendid but 
ill-defined nebulous mass of light, called the head, 
which is usually much brighter towards its centre, 
and offers the appearance of a vivid nucleus, like 
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a star or planet. From the head, and in a direction 
opposite to that in which the sun is situated^ from 
the comet appear to diverge two streams of light, 
which grow broader and more diffused at a dis- 
tance from the head, and which sometimes close 
in and unite at a little distance behind it — some- 
times continue distinct for a great part of their 
course, producing an effect like that of the trains 
left by some bright meteors, or Uke the diverging 
fire of a sky rocket (only without sparks or per- 
ceptible motion). This is the tail;" of which, he 
says, '* no rational or even plausible account has 
yet been rendered." 

And again : when we try to learn the density 
ascribed to comets, Laplace can only give that 
of 1770 as ^^ probably" less than ttjVjt ^f ^^ earth, 
and the average with '* a certain degree of proba- 
bility, to a quantity far below even toVo inr ^f ^^ 
earth's mass." The impossibility of any accurate 
determinations of the densitv or the form of comets 
is evident — and how absurd is the attempt at an 
exactness which cannot be attained ! Sir John 
Herschel is more honesty for he ends his chapter 
on comets thus : ^* It is time to quit a subject so 
mysterious, and open to such endless specul6t- 
tion." — (" Treatise on Astronomy," p. 312.) 

But Humboldt, with less candour, says: ''We 
are indebted to Arago^s polarization experiment? 
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for the most important and deoisive observations 
on the nature of the light of comets. His polari- 
scope instructs us concerning the physical constitu- 
tion of the sun, as well as that of the comets; it 
infonns us whether a luminous ray. which reaches 
us from a distance of many millions of miles, is a 
direct, or a reflected, or refracted ray; and if 
direct, whether the source of light is a solid, a 
liquid, or a gaseous body. The light of Capella, 
and that of the great comet of 1819, were exa* 
mined at the Paris Observatory with the same 
apparatus. The comet showed . polarized, and 
therefore reflected lighl, whilst, as was to be 
expected, the fixed star was proved to be a self- 
luminous sun. The existence of polarized come- 
tary light announced itself, not only by the in- 
equality of the images, but was shown with still 
greater certainty, at the reappearance of Halley's 
comet in 1835, by the more striking contrast of 
complementary colours, in accordance with the 
laws of chromatic polarization discovered by 
Arago in 1811." 

Now you think that matter is set at rest ; that 
the question of comets being self-luminous, or 
shining with reflected light, was finally answered ; 
that there could no longer be a doubt — comets 
shine with only a reflected light. Now see Arago's 
own account of these experiments: — ''On doit 
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conclure de Tensemble de ces observatioDs, que la 
lumidre de la com^te n'6tait pas en totality com- 
pos^e de rayons dou^s des propri6t6s de lalumi^re 
directe, propre, ou assimil6e : il s^y trouvait de la 
lumi^re r6fl6chie speculairement et polaris^e — 
c est-a-dire, venant da soleil. On ne pent decider 
par cette m^thode, d'une manidre absolue, que les 
com^tes brillent seulement d'un 6clat d'emprunt. 
En effet, en devenant lumineux par eux-mdmes, les 
corps ne perdent pas pour cela la faculty de r6- 
fl6chir des lumi^res ^trang^res." 

It is, indeed, as he justly observes, impossible 
from such statements to decide anything, as Hum- 
boldt himself declares : " These fine experiments 
leave it, however, still undecided whether, besides 
this reflected solar light, comets may not have a 
proper light of their own :" this at the end of a 
paragraph commencing with — " We are indebted 
to Arago's experiments for the most decisive ob- 
servations on the nature of the light of comets." (!) 
(" Cosmos," i. p. 97, and note 61.) 

Dion. My exact sciences ! 

Alastor. I do not, then, attempt to tell you the 
density, or to calculate the *' length of the axes of 
a comet's ellipse, which maif be infinite;" (Her- 
schel, p. 807;) or to determine, indeterminately, 
the many millions of miles' length of what is after- 
wards called a vapour, whose form is acknowledged 
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to be always varying. I carry out the electro- 
magnetic system with regard to comets, as well as 
for the more sedately-travelling planets — the gra- 
vitation theory being more than ever incompre- 
hensible when it is applied to such aggregations 
as comets. How it was supposed to sustain in 
equilibrium these '* almost immaterial" monsters, 
by the same force that whirled them in eccentric 
orbits at a rate outspeeding all other planetary 
bodies, has not been explained. The influence 
" must be," says Herschel, " that of the sun." 

It is the influence — the electric influence — which, 
emanating from the sun, maintains in their ex- 
tended orbits those planets which are called comets, 
which consist, according to the electric theory, of 
an electrified centre or head, charged with elec- 
tricity to a degree beyond that of any other planet, 
and discharging from itself a continuous emana- 
tion of electric matter, in greater or less propor- 
tions, and appearing in such proportions to our 
view as attended by a greater or less train, or tail, 
of transparent brightness. Our own planet, earth, 
her satellite the moon, and all the otlier discovered 
or to-be-discovered planets, being constructed with 
an internal reservoir of electro-magnetic combina- 
tion, by which the rotation on their own axis is 
kept up, and from which, in the case of the comets, 
in their peculiar formation, is kept up their own 



136 ALA8T0B; 

brightness and that of their attendant clouds of 
light. Why their ellipse should be so eccentric 
is no more in our power to ascertain, than why 
Mercury should be near, and Saturn far from the 
sun. 

One of the axioms of the electro-magnetic 
theory of the universe is, that the magnetic 

ATTRACTION IN EACH PLANET IS CONFINED TO ITS 

OWN ATMOSPHERE — that is to Say, that it extends 
no further from each planet, than the extent from 
earth of our atmosphere. We will not now go 
into the question of atmosphere or no atmosphere 
for the moon and all other planets ; but this prin* 
ciple of non-extension of magnetic attraction beyond 
its own immediate sphere in each planet is neces- 
sarily contained in, and forming an essential part of, 
the theory of electric maintenance of these planets 
in their orbits; for all the known and all the 
yet-to-be-discovered sun-gyrating bodies depend in 
their motions on the sun; and were their own 
masses magnetic beyond their own immediate 
atmosphere, or surrounding space, this magnetic 
attraction would at once draw them towards the 
centre sun, the gyration would cease, and the 
universe be annihilated. The gyrations of the 
planetary universe depend on the repellent attrac-- 
tion, or opposing polarity, which causes a body, 
in itself magnetic, to revolve while under the 
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influence of this electro-magnetic or galvanic 
agency ; and to maintain this agency, the bodies 
upon ^hich it acts are projected beyond the influ- 
ence of mere magnetic attraction; and haying 
been so projected, (always having to grant the 
CREATIVE projection,) the constantly-acting source 
of electric agency holds all those bodies which we 
usually call the planets in their unvarying course 
round itself, with their surrounding satellites. 
But comets, which are not usually called planets, 
can only be so called because of their ellipsoid- 
ical gyrations round the sun; in all else they 
differ from the other so-called planets : they are 
essentially in themselves sources or masses of 
electro-magnetic agency, whose activity is not, as 
in the earth, confined to the internal centre, and 
affecting only its own surface through its own 
mass. The comet, whatever may be the relative 
extent of its central source, sends frx)m it, not only 
the light or blaze of this central electric activity, 
but throws from it a stream or shower more or 
less vivid, according to the greater or weaker 
action of this electrical machine, and appearing 
more or less brilliant as it recedes from or nears 
the sun. The rapid apparent contraction of its 
tail, or attendant shower, observed on its approach 
to the sun, and '' the equally rapid dilatation as it 
recedes," are only apparent ; that is to say, that 
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the miuate sparks which form the showery tail or 
dishevelled hair attendant on the comet, lose, to 
cor sight, their brilliancy in the more vivid blaze 
of the solar action — a brilliancy which is reco- 
vered as the comet again recedes in its path from 
the immediate solar blaze. This natural method 
of accounting for the diminished light of comets was 
impossible on the theory of their reflected or bor* 
rowed solar light 

But look here, Dion ; read these two passages 
in these two books— Herschel's ''Astronomy," 
and Humboldt's '* Cosmos." This treatise on as- 
tronomy was printed in 1888; and speaking of 
Halley's comet, whose re-appearance in 1759 so 
remarkably fulfilled his prophecy, Herschel says, 
** Its next return to the perihelion has been calcu- 
lated by Messrs. Demoiseau and Pontecoulant, and 
fixed by the former on the -ith, and, by the latter, 
on the 7th of November, 1836."— p. 808. 

Now look in the first volume of " Cosmos," at 
page 94 : " These changes have been well de- 
scribed in Halley's comet,, on its last re-appearance 
in 1835, by Bessel, at Konigsberg." 

Dion. This sort of unconscious, unpremeditated, 
accidental confirmation in the works of these two 
great philosophers, is very admirable, and it must 
convince even you that there is exactness in 
science. 
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Alastob. I neyer questioned it^ where founded 
upon observation and corroborated by actual de« 
finite numbers. I began, you may remember, by 
declaring my admiration for scientific research: 
and what have we been doing, in all our conversa- 
tions on this electric theory, but endeavouring to 
follow out the discoveries and experiments in this 
science by extending it to the planetary universe ? 
All that I contend, and which I do constantly take 
every opportunity of showing, is, that no science 
except that of Number can ever claim the pre- 
sumptuous epithet of exact. Here, even while 
pointing out to you Humboldt's incidental cor- 
roboration of Herschels passing mention of a 
comet 8 expected re -appearance, I observe in Her- 
schel's ''Astronomy" these inexact expressions :— r 
" Comets in passing among and near the planets 
are materially drawn aside from their courses, and 
in some cases have their orbits entirely changed. 
This is remarkably the case with Jupiter, which 
seems, by some strange fatality, to be constantly 
in their way, and to serve as a perpetual stumbling- 
block to them." 

It is unworthy of a philosopher, in a scientific 
work, to talk of fatality, or of one planet being a 
stumbling-block to another. And thisr instance of 
Lexeirs comet of 1770 is a remarkable instance of 
inexact exactness : its return in five years was pre- 
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dieted, bat " the prediction was disappointed by the 
comet actually getting entangled among the satellites 
of Jupiter, and being completely thrown out of its 
orbit by the attraction of that planet." — ^p. 310. 

Now this accidental rencounter is irreconcilable 
with the statement (p. 308) of Glairaut's calcu* 
lating, for Halley's comet, the exact number of days 
that it would be delayed in its journey by Saturn 
and by Jupiter. 

Dion. On the contrary, it only proves that 
Glairaut was a more profound calculator than 
Lexell, who, from not allowing for the attraction 
of gravitation in these planets, mistook the time of 
its reappearance. 

Alastor. Yes, that is the form in which Her-* 
schel should have stated it — while I refer these 
retardations in time and alterations in orbit to the 
actual construction of the body cometic, which, not 
being spheres revolving on their own axes, do not 
consist of a mass of matter containing in its centre 
a galvanic reservoir, whence conductors to the 
magnetic poles maintain the rotatory motion on its 
own axis, but they are formed of a diaphanous 
revolver on a solid interior, producing in its revo- 
lutions a constant electric action, resulting in the 
coma, or shower of light — ^in some comets drawn 
behind, in some projected before, in some at once 
preceding and following the central agency. And 
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as, from their formation, the constant action of the 
outside revolver must wear away itself and the 
interior nucleus, accordingly we find that those 
comets which have re-appeared exhibit at each 
successive re-appearance '* successive degradations 
of its apparent size and the length of its tail" 
(Herschel's ** Astronomy," p. 308) ; by which suc- 
cessive degradations the actual form and being of 
the comet are worn away, till it oeases to give forth 
any sparks; its light fades, disappears, and, to 
our ken, it dies — ^its soulless or unenlightened 
frame still pursuing its, to us unseen, eccentric 
gyrations, till its final extinction. This death of 
the comets is consistent with their appearance, 
and with the theory of their mechanical forma- 
tion ; differing from the chemical construction of 
the other planets, furnished with interior self- 
reviving electro-magnetic or galvanic reservoirs : 
while this theory of their death to us, and their 
for a time continued bodily existence, a mass of 
revolving matter in their prescribed orbits, is more 
consistent than the supposition, that should a 
comet's " orbit be of the hyperbolic character, 
when once it had passed its perihelion it could 
never more return within the sphere of our obser- 
vation, but must run off to visit other systems, or 
be lost in the immensity of space." 

Here are two wild expressions — "visit other 
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Bystems/' as an ex-ohancellor might make a trip 
to France ; or " be lost in the immensity of 
space." — (Herschel, p. 807.) 

Dion. What is space, used in this sense as a 
beyond of our universe ? 

Alastor. We will talk of that presently ; but 
let us finish with comets, for one remarkable ano- 
maly in their history we have not touched upon — 
that of their course being in some instances (the 
famous one called Halley's comet in particular) 
retrograde, or in a contrary direction to that of all 
other planetary bodies. How does this agree with 
the attraction of gravitation, which is drawing all 
other bodies in a contrary direction? And why, 
on its return in 1759, was its period altered ? Its 
*^ expected return would happen later than on the 
supposition of its retaining an unaltered period." 
(Herschel, p. 308.) Why was its period altered ? 
Had not it passed as near Saturn and Jupiter 
before ? or, if it had not, why did it do so now ? 
What had, on the gravitation theory, altered its 
orbit ? If its orbit was altered, how could its 
course be calculated on the data of its former 
appearances ? 

Its retrograde or contrary motion, which is in- 
consistent with the laws of gravity, becomes a 
simple fact according to those of the electric 
theory: its magnetic pole is reversed, and the 
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attraction, therefore, draws it in a direction opposite 
to that followed hy the regular planets 

The supposed retardation hy the attraction of 
Saturn and Jupiter is in theory false — ^as supposing 
an alteration which contradicts the very proposi- 
tion it sets forth, — and in practice incorrect, as the 
calculations declare a certain exact number of days' 
delay, 100 for Saturn and 518 for Jupiter, and 
make the result an uncertain ''one way or an- 
other " — 80 days more or less. 

As to the comet of 1770 (Lexell's) becoming 
" entangled among Jupiter's satellites," — as if some 
thoughtiess Phaeton had got the reins, and, at- 
tempting to dash in and "cut the line," had 
smashed a back panel, or broken his own traces, 
or locked his wheels among the others — so absurd 
and unscientific are the terms in which this is 
expressed, — the periodic returns of these comets 
can be calculated, and have been proved to be 
rightly so ; that is to say, not with affected exact- 
ness, but near enough to prove the calculation 
true. Their return, then, is periodic: is it con- 
sistent with any system to suppose an accidental 
change of orbit ? But the fact was, that Lexell's 
comet never did re-appear; that it wore out its 
light, died, and, though it returned in due time 
into our field of view, it was no longer visible to 
us; while the comet seen to pass (not entangle 



144 alastor; 

itself in) the satellites of Jupiter, was another and 
altogether different body. For all the comets 
hitherto observed, or yet to be discovered, have 
been in motion ever since the projection of our 
planetary universe, revolving in their extended 
orbits till they come ^vithin our view, and then pass 
away — either with such swiftness (for the comet of 
1472 passed through 120 degrees in one day) that 
they have eluded observation ; or, wearing out, 
they fade, darken, and disappear from our view, 
till, all electric action ceasing, their nucleus be- 
comes by degrees unpolarized, the magnetic 
attraction of its own mass gradually decays, the 
sun's electric force begins to influence, not the 
mass, but its component parts, till they are at last 
finally separated and dissolved by the sun's gal- 
vanic action, and amalgamated into that mass of 
electro-magnetic action. 

A more philosophic and consistent end than 
that of '' falling into the sun,'* as Herschel words 
it; and this, their gradual cessation of electric 
action, being a simpler and more systematic expla- 
nation of the gradual fading of their light and nar- 
rowing of their orbit than the intrusion of that 
which, according to Encke, retards its progress by 
diminishing its centrifugal force—'' a rare ethereal 
medium." (Herschel, p. 809.) What is this 
ether ? what this medium, so rare as not to inter- 
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fere with observations from the earth, and yet so 
powerful as to clog the motions of a body whose 
attendant train extends millions of miles ? 

This gradual separation of and absorption into 
the sun's electric source of action, occasion what 
are called the spots in the sun, which appear and 
disappear in a manner hitherto so unaccountable. 
They are the attracted materials of dead comets in 
the process of galvanic action, or resolution into 
the sun's reservoir. 

Another anomaly in the planetary system has 
hitherto been allowed to pass unexplained into all 
the received astronomical theories — what are called 
Saturn's Rings. How these great and dispropor- 
tioned masses are supposed to be sustained — so 
different as they are from all the other heavenly 
bodies — according to the law of gravity, has not 
been explained. These rings are, according to 
Herschel, " solid opaque substances," the exterior 
diameter of the exterior ring being 176,418 miles, 
and that of the interior 151,690 miles, their 
thickness not exceeding 100 miles. ''It will 
naturally be asked how so stupendous an arch, if 
composed of solid and ponderous materials, can be 
sustained without collapsing and falling in upon 
the planet ? The answer to this is to be found in 
the swift rotation of the ring in its own plane, 
which observation has detected, owing to some 

H 
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portion of the ring being a little less bright than 
others, and assigned its period at 10 hours 29 min. 
17 sec, \7hich, from what we know of its dimen- 
sions^ and of the force of gravity in the Saturnian 
system, is very nearly the periodic time of a sa- 
tellite revolvingy at the same distance from the 
middle of its breadth. It is the centrifugal force, 
then, arising from this rotation, which sustains it." 
— ** Treatise on Astronomy/' p. 284. 

These rings are, then, sustained, according to Sir 
John Herschel, by their centrifugal force, and '' the 
force of gravity in the Saturnian system." What 
is the force of gravity in a body which he tells us 
(p. 278) '' consists of materials not much heavier 
than cork"? But '^ the force of gravity is in the 
volume, not the mass," a proposition which we 
questioned before, without coming to any. expla- 
nation ; so we will not go further into Sir John's 
attempts at solution for the problem of Saturn's 
rings, — ** loading*' to make them '* stable," of **whose 
existence," he then says, " we have no proof," in 
which he '' thinks we perceive a sufficient guarantee 
of its preservation," — but turn to Humboldt, who 
regards '' Saturn's rings as belts formed of an aggre- 
gation of satellites." — (Cosmos^ i, p. 90.) 

Not an aggregation of many satellites, but the 
continuous motion of one in each orbit, forming 
the two rings, the rapidity of the motion of these 
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self-enllghtened bodies being such as to give them, to 
our observation, the appearance of continuous rings. 

Dion. Herschel says the rings themselves have, 
by observation, a periodic movement. 

Alastor. I place no reliance on observations 
made in such inaccurate terms as ** some portions 
of the ring being a Httle iess bright," and " very 
nearly the periodic term of a satellite." I do not 
believe that what are called Saturn's rings are 
solid masses, of annular form, but Ihe paths of 
revolving satellites, pursuing their course by electric 
suspension with a rapidity which eludes our obser^ 
vation, and presents them to our view as continuous 
rings; while comets, formed of a diaphanous 
cylinder J revolving on a solid nucleus, and thus pro- 
ducing their owfi light and /lastemng their own 
rate of motion, are, like all other planetary bodies, 
sustained in the orbits assigned to them by origin 
nal creation, and their rate or periodic times prcj 
served as originally given, at their creative project 
tion^ by the electric agency of the solar electro- 
magnetic mass, in whose encompassing electric 
volume all these bodies move — comets differing 
from all the rest by their mechanical structure, 
which wears itself a^ay, causing the gradual fading 
of the continuous central light produced by the elec- 
tric friction, afhdofthe trains of attendant electric 
spa/rks of light, till their extinction, loss of polarity ^ 

h2 
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intertial magnetic attraction, the disintegration of 
their component parts ^ and final absorption into the 
solar mass : 

The self-luminous nature of the satellites of 
Saturn^ forming those luminous {apparent) rings, 
arising from the diaphanous nature of their sub- 
stance disclosing the electro-magnetic light emitted 
in their central reservoir. 



IX. 



Alastoiu What is space ? You say, " Space is a 
necessary notion, h priori, which lies at the founda- 
tion of all outward phenomena. (Kant, " Gritik der 
seinen Vernunft/' i. Theil, 1 Abschnitt). We can- 
not divest ourselves of this essential to all visible 
form ; there is in our very being an impossibility 
of conceiving material form without the notion of 
its occupying space ; and wherever we see two or 
more objects, the inevitable concomitant notion is 
of space between these objects: the expression 
necessarily implying relation and interval. Take 
the widest acceptation of the term — suspended in 
space; this space is to us the interval between 
ourselves and the horizon, or the zenith. The 
expression '^fall into space" appears sublime, be- 
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cause it approaches to what is the highest effort of 
human conception — immateria] existence. But 
when we consider this expression, what does it 
mean? It implies a beyond our visual know- 
ledge; but as used by Herschel, for the disappear- 
ance from our system of the material aggregate, a 
comet, — suppose its composition to be ever so rare 
— gaseous, vapoury, ethereal, or whatever other 
term we use to define rarity of matter, — still 
it is material, and, as material, occupies space. 
Then we say *' boundless " space — but what 
meaning does ''boundless" convey to the human 
mind ? We drive this comet into space — that is, 
we suppose it to be beyond our universe : but what 
is this beyond? This outcast body is still sup- 
posed to exist ; it exists, then, in relation to our 
universe ; there is between it and the bounds of 
our universe an interval : we enlarge the interval, 
we drive it further, but what do we mean ? That 
this beyond is Nothingness ? We stop, and we 
perceive that we have passed the power of human 
thought. Falling into space implies a boundary — 
implies, that all we can attempt to express by 
space is an interval, more or less extended ; but 
extend it as far as human thought extends, it is 
still a bounded interval; and such is what we mean 
by our system — our universe. " Beyond the bounds 
of the universe," is only a confession of our bounded 
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conception. All that is apprehensible ^ oior facul- 
ties is what we call our universe; acMl wbeji we 
speak of beyond, we are stopped at owe-^we come 
to the incomprehensible. 

Speaking of our cosmos, we mean« according 
to Hegel, ''external phenomena trandated into 
our intenud representation of them ;" or, '' th? 
contents of space the distribution of the material 
universe," as Humboldt defines it, iiicludingall thai 
human science has made apparent to the human 
senses, as well as all that these unassisted senses 
comprehend of outward material and organic phe- 
nomena, and of inward sensation and thought, and 
all that belongs to human life. 

^' We see matter existing in space," says Hum- 
boldt, (" Cosmos,^' i. p, 73,) as he begins his de- 
scription of the planetary system — but be does not 
define what he means by space. He does not state 
the fact, that all our space is the interval between 
our stand upon this earth, and that '' blue vault 
of heaven" which, when all intervening atmo* 
spheric obstruction of clouds and mists is cleared 
away, is and has ever been to man the limit of his 
material apprehension. It is within this interval 
between earth and, sky that our universe exists. 

The sky ! a word we use incessantly — what does 
it — what should it mean? — Come out into the 
garden and now — 
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OlBOUMSI^CE I 

^There is the sky — there is the steadfast bear, 

and there are all those bright creations — those 
Aggi^^gfttes of electric matter, which, like the sun 
-^-whether fragments of some anterior and greater 
AggrogfttiB of electric matter, or originally created 
as we now see them — are now balanced in their 
electric ocean in those stations where we, and 
where all our predecessors, have observed them. 
I say ocean advisedly : I mean that what we call 
in common parlance the air And »ther, or in yonr* 
ea:act science indefinite spacer sustains these rarefied 
combinadons of dectric light and heat in their 
constancy unmoved, and independent of the plane- 
tary system — of those ancient travellers whose 
courses have been known as long as human thought, 
and of those new-found gyrators round that beat- 
rarefied electric-balanced centre sun. Indepen- 
dent of and undisturbed by these influences, these 
stationary lights remain — not hung, for that im- 
plies a somewhat to which they bang — but balanced 
and sustained in their electric medium — a medium 
which is always exercising its electro-magnetic 
power, and from whence proceed those sublime 
emanations which are called falling stars. These 
sudden productions of the ever-working electricity — 
unlike the fixed stars,a rarefied apparatus of incessant 
electric lights balanced to permimency — rush from 



152 alastor; 

their origin, unrarefied, to that consistency which 
the electric medium can support, and are reabsorbed 
in it : not, in the unmeaning phraseology of so- 
called science, *' projected into space/' but re- 
attracted into their electric source; and their 
increased number, or the showers of these beautiful 
productions in August and November, are not, as 
has been supposed, ** travelling aggregates of 
meteoric stars, whose path is intersected at those 
seasons by the earth," but are to us apparent 
on those days, because we are then in view of that 
portion of the electric medium where the combina- 
tions are in most activity, and whence dart, or 
glide, or burst those living lights which make these 
nights so celebrated. 

The confounding what are called fire-balls or 
meteors with falling stars, is to confound terrestrial 
with what, for want of a better word, we call celestial 
phenomena. Fire-balls, meteors and meteoric 
stones, and northern lights, are electrical combina- 
tions in our terrestrial atmosphere, and their results 
are on our terrestrial surface. Falling stars are 
combinations in an electric medium beyond our 
atmosphere, resulting in that medium and confined 
to it. 

The Milky Way is not, as Aristotle supposed, a 
sort of incessantly-reproducing comet; but, as 
observation proves, a closely-combined extent of 
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perfectly-balanced combinations of electric power — 
as the larger fixed stars, self-luminous and undis- 
turbed — as, too, the zodiacal light, which, as Hum- 
boldt says, <^ rises in a pyramidical form, and con- 
stantly adorns the tropical nights with its mild 
radiance," and which, rising direct from the electric 
source in unobstructed purity, is visible as sun- 
light ceases in those portions of the electric me- 
dium which we behold from what we call our 
tropics. 

Altogether different are, as I have said, the phe- 
nomena of the aurora or polar lights belonging to 
our atmosphere, or what Humboldt calls ** the 
region of clouds." " Low down," he says, ** on the 
horizon, about the part where it is intersected by 
the magnetic meridian, the sky, which was previ- 
ously clear, is darkened by an appearance resem- 
bling a dense bank or haze," — " in high northern 
latitudes, in the near vicinity of the magnetic pole, 
appearing less dark." — *^ The more intense the 
discharges of the aurora, the more vivid is the play 
of colours, from violet and bluish-white through all 
the gradations to green and crimson. In the 
common electricity excited by friction, it is also 
found that the spark becomes coloured only when a 
violent explosion follows high tension." — " The 
connexion of the polar light with the most delicate 
cirrous clouds deserves particular attention, because 
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it shows us the electro-magnetic light as part of a 
meteorological process. The magnetism of the 
earth is here exhibited in its influence on the 
atmosphere." — (" Cosmos," i. p. 182.) 

The magnetism of the earth on its atmosphere, 
and of the electro-magnetic particles of this atmo- 
sphere on each other, produces all these aurora, 
the colours being perceptible only in the night ; 
but *' these clouds sometimes arrange them- 
selves in the day-time, like the rays of the aurora, 
and in such cases the movements of the needle are 
similarly affected by them. After a great display 
of aurora there have been recognised, early in the 
morning, the same streaks of clouds which had 
before been luminous" — appearances which, like 
the aurora, are pronounced by meteorologists as 
procursive of wild weather. 

*• When it is stated that auroras decrease in 
frequency and brilliancy with decreasing latitude, 
it must be understood of magnetic latitude. Whilst 
an aurora is a very rare occurrence in Italy, it is 
extremely common in the same latitude in Phila- 
delphia, owing to the vicinity of the American 
magnetic pole." 

Here the most extended observations are in ac- 
cordance with the consistency of the electric theory 
of the universe. 

Dion. What do you understand by the " Ame-* 
rican magnetic pole ?" 
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Al^stob. Humboldt says that " the name of 
magnetic poles has been applied to those points 
on the earth's surface where the horizontal force 
disappears, and to these points more importance 
has been attached than properly belongs to them." 
Truly so, because the variations of the needle are, 
as I have said, dependent on so many local and 
atmospheric influences, that it is only confusing 
and encumbering our definitions to refer these 
variations to separate poles ; they are caused by in- 
creased or diminished aggregations of magnetic 
matter in the earth, or of electro-magnetic vivacity 
in the air, while the poles, properly speaking, are 
the culminating points of our internal magnetic 
influence — the connecting point of our conducting 
circle. 

The horary variations of the needle's declination, 
which are, in the theory of gravity, said to be 
** governed by the sun, whilst that body is above 
the horizon at any spot, they also decrease in 
angular value with the decrease of magnetic lati- 
tude ; near the equator they barely amount to three 
or four minutes, while in middle Europe they 
attain to thirteen or fourteen minutes.*' — (** Cos- 
mos," i. p. 172.) 

Why should the sun have less influence where 
the magnetic force is least? To be consistent 
with itself — this principle of the sun's influence on 
the needle's variations — ^it should increase where 
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the magnetio attraction of the earth is least — at the 
equator — ^aiid decrease where it approaches the 
magnetic pole ; but the contrary is found to be the 
case^ as this horary variatioUj in fact, arises from 
the earth's horary motion, which, carrying the 
needle with it in the northern hemisphere, and 
altering its relation to the magnetic pole, diverts it 
from its direct polarity — a tendency which is of 
course fainter at the equator; and as the needle 
recovers its balance between the motion and the 
electric attraction of the earth, the variation dimi- 
nishes till it ceases in each locality — ^to return again 
with the diurnal rotation. 

The fixed stara^ therij^ are aggregates of electro^ 
magnetism^ combined and rar^ed till perfectly 
balanced^ where they have been observed since the 
commencement of human observation^ self-luminous 
and undisturbed, in the electric medium, which is 
ever active, and from whence proceed and are ab" 
sorbed the falling stars, unrarefied and unbalanced, 
into their originating medium; while the zodiacal 
light is a constantly-emanating ^ but unmoving 
formation from the electric source, the medium 
where the fixed stars rest, Aurora are results of 
earthly atmospheric electricity. 
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X. 



Dion. You would not, then, use the word space 
for what is outside of our earth and your electric 
medium? 

Alastor. For want of any other word I might 
do so, but, I think, improperly; space, to human 
apprehension, being interval between objects : but 
to say that if we passed through this bounding of 
our universe we should enter into space, would not 
80 truly express my sense of sublime incompre- 
hensibility as to say we should become aware of a 
Beyond. But in all that I have said I am, though 
in nominibus differentes, yet in re congruentes, 

Dion. Something more than difference of name, 
I must say, I think you propose. 

Alastob. I substitute the positive of a known 
power for an unknown — the real for the imaginary. 
Electricity in all its forms has been more or less 
known, as long as we have any recorded traces of 
human observation or inquiry; its powerfiil 
agencies have been more fiilly revealed to us by 
modern experiments, while its mysterious subtilty 
has hitherto eluded all explanation. To this 
agency, which, however mysterious, is still known, 
and its potency acknowledged in many cosmical 
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phenomena — to this I refer the planetary or solar 
system, instead of to the unknown *' centre of 
gravity/* " centrifugal force/' and " attraction of 
cohesion/' which lull, without satisfying research. 
Such meaningless expressions only say, in other 
words, that the sun, moon, stars, and earth are 
maintained in their positions and theii* courses 
'' somehow" — this somehow inyolving all cosmical 
science in inextricahle difficulties; instead of which, 
1 consider centrifugal force as no more than the 
continuance of an impulsive motion, which con- 
tinuance is proportioned to this initial motion ; hut 
I do not consider centrifugal force a maintaining 
agency in the system of the universe. Nor am I 
satisfied with the '' somehow" implied in attraction 
of cohesion— ^which is only saying, in other words, 
that the particles of matter stick together hecause 
— they stick together. But all the particles com- 
posing any aggregate or body of matter, being in 
themselves electro-magnetic, though in most matter 
insensible to our apprehension, and not to be 
affected by any electric agency which we can use j| 

(hence the formula of " non-conducting" bodies) — 
all particles are magnetically attracted to each other; 
and in the proportion or balance of these attrac- 
tions towards each other in all material particles, 
are formed aggregates of matter ; and in the pro« 
portion or balance of those attracted particles with 
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the attracdon of other aggregated particles and 
viith the attraction of the earth itself, is all that 
was expressed by attraction of cohesion. 

What magnetic attraction is, we know not ; but 
we know that there exists such a power — such a 
reality, and so we relieve ourselves from the Action 
of cohesion. 

Then, to explain "why an apple falls," the 
explainers were obliged to destroy one fiction by 
another. There was the fiction or imaginary power 
of attraction of cohesion^ by which an apple ad- 
hered to its stalk. To get it ofi" this stalk, there 
was invented the next imaginary power — attrac- 
tion of gravitation ; while in the electro-magnetic 
theory we have to do only with realities. Instead 
of inventing one power to conquer another, we 
use the power we have, of magnetic attraction, 
which, as long as it remains in the undisturbed 
relative balance of attraction in its component 
particles, the form or body which those particles 
compose remains in its homogeneity. As soon as 
the influence of greater magnetic attraction sud- 
denly, or by gradual influence, overcomes, by 
altering, the balance or proportion of combining 
attractiveness, and causes those efiects attributed 
to gravity — or where the homogeneity of matter is 
destroyed or severed by mechanical means, the 
situation or condition of the divided parts depends 



160 ▲lastor; 

on the force of the terrestrial against the particular 
attractions. 

Dion. In other words, if you saw a tree across 
it will fall whole to the ground, as its whole pre- 
serves the proportion of its particular attractions. 
But if you hlow it to pieces with gunpowder, the 
proportion of all the attractions is altered. 

Alastob. Altered, hut not destroyed — the wood, 
though separated, is still wood ; whereas, in che- 
mical action, the elective affinities are so excited 
as not only to alter but to destroy the original 
proportions of magnetic adhesion, and to transform 
these particles into adhesions of a different homo- 
geneity. 

You observe that I have not meddled with any 
chemical agencies. Into the domain of heat and 
water, and gases and acids, or organic life, I have 
not attempted to enter — I only say that what che- 
mical agency has to overcome in material combina- 
tion, is not imaginary cohesion, but actual magnetic 
attraction. 

I have attacked your term of exact, when ap- 
plied to cosmical science, because exactness has^ 
not been attained in these sciences; but though I 
have contradicted their theories, I have not meant 
to attack the men whose works we have been 
studying. Humboldt and Herscbel are not only 
men of the first genius, and of universal acquire- 
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ments, but they have employed their genius and 
their acquirements in the noblest manner — to the 
highest ends. Their devotion to science and their 
honesty of purpose are unimpeachable. I con- 
tradict the science — not the men. I disallow the 
assertions which have been received as immutable 
truths — Hot as the assertions of this or that phi- 
losopher, but as inconsistent in themselves, and 
incompatible with the phenomena of the universe. 
I do not intend to overturn anything — I would only 
substitute the consistent in place of the incon* 
sistent ; and in changing the term of the theory of 
the world, I do not attack anything very fixed or 
stable, for Sir John Herschel, in his "Treatise 
on Astronomy," says (p. 246) : " If we abandon 
the earth as a centre of the planetary motions, 
it cannot admit of a moment's hesitation where we 
should place that centre with the greatest proba^ 
bility of truth. It must surely be the sun which is 
entitled to the first trial, as a station to which to 
refer them. If it be not connected with them by 
any physical relation, it at least possesses the 
advantage, which the earth does not, of compara- 
tive immobility." 

The sun is here only admitted doubtfully to a 
trial for the place of centre to the planetary system. 

And (p. 2f33), as I showed to you the other day : 
" All bodies with which we are acquainted, when 
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raised into the air and quietly abandoned, descend 
to the earth's sui&ce in lines perpendicular to it. 
They are, therefore, urged thereto by a force or 
effort, the direct or indirect result of a consciousness 
and a will existing somewherey though beyond our 
power to trace, which force we term gravity," 

This force existing somewhere, I do not term 
gravity, but magnetic attraction, and its somewhere 
is in the actual globe itself — a physical and known 
power, physically acting — a material agency — on 
matter — not as here stated, with a strange confu- 
sion between the creat^^j agent and the creatit;^ 
original! Attraction (whether of gravity or of 
magnetism) has no willy no consciousness — terms 
inapplicable to material agency. 

When we find that the very foundation of the 
gravitation theory is thus loosely stated, we leave 
it and the complicated contradictions of the earth's 
attraction to the moon, and the moon's to the 
earth, and their mutual attraction to the sun, 
whose force is '' directly proportioned to its mass;** 
and when we come to compare the ''mass of the sun 
with its hulk, we find its density to be less than 
that of the earth;" — leaving, I say, all these inex* 
tricable contradictions and confusion of words, we 
go to the direct agency, the known material power; 
and we. consider the electric medium surrounding 
our earth— which, when not obscured by our atmo" 



OR, THE NEW PTOLEMY. 168 

spheric clouds, we call the sky — not to be as 
illusion, because such is the apparent hoiizon of 
our view, the boundary to us of earth and sky : 
this SUEROUJ^DINO is the situation of the fixed and 
falling stars of the milky way and of the zodiacal 
Ught. 

This medium, antique fable delighted to people 
with strange poetic monstrosities ; but Humboldt 
thinks not scorn to jefer to the philosophers of 
that antique time for many a sublime speculation ; 
and it is not humiliating, but ennobling, to the 
human mind, to find how much and how little 
Chaldean and Grecian philosophy, and all the 
learning of the Egyptian, effected. It would be 
humiliating and painful to think of these great 
men of their day having spent their lives in fiJse 
phUosophy, and having been by their contem- 
poraries looked up to with veneration for their 
vain reasoning ; while it would be as humiliatingly 
painful to think that, in all the succeeding ages of 
study, man had advanced no further, made no 
additions to his knowledge, and reached no nearer 
to eternal truth. Humboldt accordingly, in his 
all-embracing " Cosmos," awards an equal tribute 
of admiration to the ingenious speculations of 
ancient, and to the experimental research of 
modern science, although he is too much dis- 
posed to undervalue the wonderful accuracy of 
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observation made by men unprovided as the 
ancients were with our instruments. 

Modem experiments have revealed to us with 
certainty the long-suspected connexion between 
magnetism and electricity ; and on this connexion 
depends the theory of the universe. The sky is 
the electro-magnetic medium, whose original crea- 
tion and maintaining power have ever been, and 
still are, inscrutable; but the recognising it as an 
existent reality brings to consistency the system 
of our universe, abandons the confusion of a 
mental and a material heaven, and destroys the 
inaccuracy of unrestricted space, in which were 
supposed to move, in unrestrained confusion, 
comets, and meteors, and aerolites, and floating 
gases, and impeding ethers, along with the ad- 
mirable harmony of the sun and its planets. 

By getting rid of the perturbations of gravity, 
we avoid the attempts at incalculable calculations : 
for all the millions and billions of miles which are 
given to distances and to magnitudes by astro- 
nomers convey no definite ideas, any more than 
stars that have died before their light reached earth, 
or density that is lightness, or any of these at'^ 
tempts at reconciling the irreconcilable, which 
disappear before the controlling influence of definite 
material agencies. 

This surrounding electro-magnetic power sus* 
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tains the sun, a magnetic combination of electric 
activity evolving heat and light in itself, and by 
the extension and expansion of its electric power 
sustaining in electric revolution the whole multi- 
tude of the planets, each in its orbit; ythile 
satellites or smaller planets are, by the same solar 
electric influence^ enlightened and revolved round 
the larger planets, each of whicli is self-rotatory 
on magnetic poles, acting by the internal electro- 
magnetic agency upon the reproductory materials 
of these bodies. 

Among these planets are the comets, self- 
rotatory and self-luminous by an internal mechani- 
cal electric rotation, which, by the gradual wearing 
away of its materiality, decays, and darkens, and 
dies. 

The earth, as one of the planets, is rotative, 
from an internal apparatus of self-regenerating 
electro-magnetic agency — a galvanic battery always 
in activity, and always depositing the materials 
which it evolves, in the combinations which its 
activity induces from the surrounding materials of 
earth's internal structure. This apparatus, or 
electro-magnetic agency, in its renewing exertions, 
becomes more or less vigorous in its activity, 
according to the deposit or the combination that 
it works upon ; and thus it discovers itself through 
the earth's surface to the observation of mankind. 
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in all the volcanic phenomena hitherto referred to 
water, or to heat, or to both together — neither 
beiDg in the electric theory the agents, bat the 
resolte— electro-magnetio action evolving heat, 
and, in combination, producing hydrogen, the 
basis of water. 

The tides, their ebb and their flow, their regu- 
larity and their irregolarity, have been, on the theory 
of gravitation, an insuperable difficulty to men of 
science. By the electric theory, they are made to 
depend on the magnetic action of the earth in its 
rotation drawing towards itself the waters of the 
sea, while the magnetic influence of the earth 
below the tidal wave, and of continents on the other 
side of it, occasions its periodic regularity ; while 
the local excess of magnetic attraction increases it 
constantly in some places ; while the want of local 
magnetism causes its absence altogether in other 
places ; and an accession from the internal reservoir 
of magnetic force at some times occasions the ex- 
traordinary high tides ; while in some situations, 
such as the Mediterranean, the opposite shores are 
so completely balanced in their magnetic attraction 
as to nullify each other, and to leave it a tideless 
sea. But at the head of the Adriatic Gulf is a per- 
ceptible, tide — owing to the greater mass of mag- 
netic attraction in the local nature of that shore. 

The moon has been supposed to exercise her 
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inflaencei not only on the tides, but apoa the 
meteorological, and even upon the bodily pheno* 
mena incident to earth's inhabitants*! — of all which 
she is, according to the magnetic theory, completely 
innocent. She, like other satellites, and other 
planets, proceeds in her own orbit, altogether in- 
dependent each of the odier : so that, for meteoro- 
logical and medical phenomena connected with 
humanity, some other cause than the moon must 
be referred to* 

Invisible light, which makes all things visible, 
has occupied in vain the attention of the greatest 
men — of Newton and of Herschel : in vain, 
because, though almost an essential of our exist- 
ence, it is of so subtle a nature, that though 
night and day, and sunshine and lamplight, seem 
simple facts, yet what this simple essential is, how 
propagated, or how conveyed, is still a mystery ; 
and we can only assist its elucidation by the cer* 
tainty which experiments on polarized light have 
given — that light is, as according to the magnetic 
theory of the earth it must be, electric — ^proved by 
the rotatory movement observed in particular 
liquids, under the influence of particular separated 
rays. 

To ASSIST ELUCIDATION is my aim in this mag-^ 
netic theory of the universe. Instead of attempted 
e^ctness in the minutiee of inconsistent parts, or 
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in the vastness of inscrutable magnitude, I base 
upon known experiments, upon practical discovery, 
a theoretic truth, by which we elucidate some of 
the mysterious difficulties of our universe, as 
thus: — 

Instead of changing the sky into the retina of 
the eye, and making a reality an imagination, — 
instead ofnarromng this sky or celestial vault to 
the extent of our vision — the horizon of our indi- 
vidual positiofi on the globe, — the magnetic theory 
makes a surrounding electric, sustaining power, a 
magnetic medium, in which are maintained the fixed 
starSy afulfrom and in which pass before our sight the 
falling, or, more properly, travelling, stars — celestial 
meteors — results of celestial electric agency. 

Instead of gravity supporting and confusing, 
and centrifugal force " somehow" keeping up 
the revolution of the planets and the comets let 
loose among them, we have the sun supported 
in the magnetic medium, and this sun, itself a com^ 
bination of magnetic electricity^ emitting heat and 
light, and pervading with its electric potency the 
whole surrounding source, in which the suns electric 
agency sustains the planetary system in their electro^ 
magnetic gyrations ; while the internal electro-^mag- 
tietic conjoined conductors of each planet maintain 
their ceaseless self-rotation by their chemical elec-^ 
tricity, or reproducing galvanism; and the comets 
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ttrith their mechanical agency of electrical produc- 
tion,furfmhing its showery halo and exciting its 
rapidity of course till it, exhausted, dieSy and is, 
particle by particle^ absorbed into the sun. 

Instead of tfie moony whose existence and move^ 
ments are constantly being referred to for the in- 
constant weather or the irregular tides on our earth, 
we make the moon hold her oum gyrations^ uninter- 
fered with and uninterfering — our meteorological 
phenomena depending solely on our atmosphere, and 
the surface and interior of our oum globe, and the 
tides being the result of the magnetic attraction 
of a whole continent, or of a particular shore — over- 
coming, till overcome by, the magnetic attraction of 
the sea, and its terrestrial foundation. 

Instead of the pressure of the atmosphere, when 
clear and rare, weighing down the mercury in a 
barometers fountain, and forcing it to rise in 
the tube, and when the air is heavy ttnth fog 
and unndy rain, and the clouds touching the 
earthy pressing less upon the mercury in the foun- 
tain, and causing it to fall in the tube, we 
have the increased magivetic attraction of thun- 
dery, misty, rainy storms drawing down the 
mercury, and causing its fall wheti stationary ; 
and, wheti used for measurement^ affected in like 
fwinner by the increased magnetism of compacted 
masses of magnetic matter. 

I 
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Instead of aerolites. Utile eaUections of 
eambimatums, dropping, unbroken and unburiedj on 
our earths eurfaeefrom unlimited epaee with enor^- 
mous velocity, we have rushes of Ughtning or elee- 
trie meteors formed m the terrestrial atmosphere, 
which are of such violence and magnitude as to he 
attracted to the surface of the earth, and falling 
there — if on a mass of earthy matter containing 
the combining elements, it results in that combina- 
tion of electric agency and earthy substance called 
an a^olite. 

Instead of a neper^cooling lake of molten matter in 
earths centre, producing earthquakes and volcanoes, 
dtc,, we have an internal, constantly active, and 
reproducing electro-magnetic agency, combini$»g by 
its conductors the opposite poles, and producing, not 
only the diurnal rotation of the globe, but, in the 
increc^se and decrease and periodic recurrence of 
electromagnetic formation^ atid its effects upon the 
interior substance of the earth, causing volcanoes, 
earthquakes, and all such disturbances of our 
surface. 

We have, as the cause (not the inscrutahle origin) 
of all celestial and terrestrial phenomena, a con- 
sistent theory, based upon a known reality of power, 
instead of an inconsistent hypothesis based upon 
an unreal assumption, attempted to be proved by 
inconclusive inaccuracies of approximative calcu- 
lations. 
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Dion. There may be, perhaps, by improved in- 
stroments, or by increased facility of observation, 
a possibility of proving the truth of your specula- 
tions, which, though founded on a known power, 
are so wide and extended. 

Alastob. Their extended generalizatibn is their 
truth. 

Dion. Nevertheless, and in spite of all your 
overturning of the exactness of my exact sciences, 
I shall not give my assent to your system till, as 
I said before, I have seen it submitted to, and 
standing the test of, the most rigorous analysis. 

Alastob. Nor shall I be satisfied with any 
other analysis, or any other test, and I leave it 
fearlessly to such examination and such tests ; but 
the state of scientific test must be very different 
from what it now is, before such tests will arrive at 
any real definite proof. I shall not be satisfied 
with approximationsy ox nearly, or with a ''so* 
called law" (Kepler's) ''of the distances of the 
planets from the sun, which has been found nume- 
rically inexact for the distances between Mercury, 
Venus, and the Eartii, and requires an arbitrary 
supposition in the first member of the series." 
(" Cosmos," L p. 86.) I will have no "arbitrary 
suppositions." I will take no mere authority, nor 
shall I be contented to be told, that "whoever will 
take the trouble to go through the calculation will 
find " " that the expression of Kepler's laws" (the 
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most remarkable, bdcI the most pregnant with im- 
portant consequences, to which induction from pure 
observation ever conducted man) requires a slight 
modification when we come to the extreme nicety of 
numerical calculation." (HerschePs ^' Astronomy/' 
p. 264, and note, p. 263.) I will not allow of 
modifications, however slight. When the so-called 
science is really exact, I shall give up every pro- 
position that they iail to prove. When mathe- 
matical and chemical analysis, and dynamic 
demonstration and photometric nicety, shall have 
arrived at reality, I shall submit to their decision, 
but not till then — not till iliey are as real as geo- 
metric diagrams, or as true as the only immutable 
science, that of Numbers, — ** the only remaining 
and widely diffused hieroglyphic" — ^indestructible 
hieroglyphic — of immutable trudi ! 

<< Numerical values are, indeed, the expression 
of physical laws ; they show to us the constant 
amid change, the stable amid the flow of pheno- 
mena." 

And when all science, and especially approxima- 
tive analysis, shall evolve their results in this pure 
divinity of exact Number — I shall then, indeed, 
acknowledge that they are exact sciences. 

THE END. 
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